
N ? 2  38 
NASA CR- 120961 

a 

FLI GHT VELOCITY INFLUENCE ON JET' NO1 SE 

OF CONICAL EJECTOR, AN NU^^ PLUG AND 

SEGMENTED SUPPRESSOR NOZZLES 

by 

J .  F. B r a u s c h  

GENERAL ELECTRIC COMPANY 

prepared for 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

NASA-Lewis  R e s e a r c h  C e n t e r  
C o n t r a c t  NAS 3-15773 



I .  Report No. 2. Government Accession No. 

NASA CR-120961 

FLIGHT VELOCITY INFLUENCE ON JET NOISE OF CONICAL 
EJECTOR, ANNULAR PLUG AND SEGMENTED SUPPRESSOR 
NOZZLES 

1. Title and Subtitle 

7. Author(s) 

J. F. Brausch 

9. Performing Organization Name and Address 

3. Recipient's Catalog No. 

5. Report Date 
August 1972 

6. Performing Organization Code 

8. Performing Organization Report No. 

10. Work Unit No. 

2. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, D. C. 20546 

General Electric Company 
A i r c r a f t  Engine Group 
Evendale, Ohio 45215 

I Contractor  Report  

11 Contract or Grant No. 

NAS 3-15773 

13. Type of Report and Period Covered 

14. Sponsoring Agency Code I 

7. Key Words (Suggested by Author(s) ) 

Jet  Noise 
F l i g h t  Noise 
Noise Suppression 
Noise - External  Flow 
Plug Nozzle 
Segmented Nozzle 

5. Supplementary Notes 

P r o j e c t  Manager, F. A. Wilcox, Wind Tunnel and F l i g h t  Divis ion,  NASA L e w i s  
Research Center, Cleveland, Ohio 

18. Distribution Statement 
Unclassif ied - unlimited 

6. Abstract 
An F106 a i r c r a f t  with a 585-13 engine w a s  used f o r  s t a t i c  and f l i g h t  a c o u s t i c  and 
aerodynamic tests of a con ica l  e j e c t o r ,  an  unsuppressed annular  plug, and t h r e e  
segmented suppressor  nozzles.  S t a t i c  100 f t .  arc d a t a ,  co r rec t ed  f o r  inf luences 
o t h e r  than j e t  noise ,  w e r e  ex t r apo la t ed  t o  a 300 f t .  s i d e l i n e  f o r  comparison t o  
300 f t .  a l t i t u d e  f lyove r  d a t a  a t  M = 0.4. 
(max dry) s ta t ic  and 88 t o  100% f l i g h t  are presented. F l i g h t  acous t i c  d a t a  are 
presented both as measured and co r rec t ed  t o  s tandard day (59'F, 70% RH) t o  con- 
s i s t e n t  300 f t .  a l t i t u d e  and t o  c o n s i s t e n t  f l i g h t  speed of M = 0.4. F l i g h t  
v e l o c i t y  inf luence on no i se  i s  shown on peak OASPL & PNL, PNL d i r e c t i v i t y ,  EPNL & 
chosen s p e c t r a .  General trends of f l i g h t  v e l o c i t y  inf luence,  app l i cab le  t o  a l l  
nozzles,  are no t  p re sen t .  Peak OASPL & PNL plus EPNL suppression l e v e l s  are in-  
clixlerl showing s l i g h t l y  lower f l i g h t  than s t a t i c  peak PNL suppression bu t  g r e a t e r  
EPNL than peak PNL suppression. Aerodynamic performance was as a n t i c i p a t e d  and 
c lose ly  matched model work f o r  t he  32-spoke nozzle.  

Data a t  engine speeds of 80 t o  100% 

19 Security Classif (of this report) 

Unclassif ied 
20. Security Classif. (of this page) 21. NO. of Pages 22. Price' 

Unc las s i f  i ed  267 
I I I 

A For sale by the National Technical Information Service, Springfield, Virginia 22151 

d 



FOREWORD 

The d a t a  a c q u i s i t i o n ,  reduct ion  and a n a l y s i s  work repokted he re in  was 
sponsored by t h e  Department of Transpor ta t ion  Contract No. FA-SS-67-7. Prepa- 

r a t i o n  of t h e  r e p o r t  w a s  funded by NASA, L e w i s ,  Cleveland Contract NAS3-15773. 

The author wishes t o  thank M r .  Barry Horton of General Electric f o r  h i s  work 

i n  obtaining the  no i se  measurements and f o r  i npu t s  i n  d e s c r i p t i o n  of the d a t a  

a c q u i s i t i o n  and reduct ion  systems wi th in  t h i s  r epor t .  

Some of t he  requirements of NASA Pol icy  Di rec t ive  NPD 2220.4 (September 

1 4 ,  1970) regarding t h e  use of S I  u n i t s  have been waived i n  accordance wi th  

t h e  provis ions  of paragraph 5d of t h a t  Directive by t h e  Direc tor  of Lewis 
Research Center. 

u n i t s .  

P r i n c i p l e  measurements and c a l c u l a t i o n s  were.made i n  Engl ish 

iii 
d 



TABLE OF CONTENTS 

ABSTRACT 

FOREWORD 

TABLE OF CONTENTS 

L I S T  OF ILLUSTRATIONS 

L I S T  OF TABLES 

SUMMARY 

INTRODUCTION 

Need f o r  T e c h n o l o g y  

Purpose of P r o g r a m  

Purpose of R e p o r t  

TEST VEHICLE 

SELECTION OF SUPPRESSOR SYSTEM 

DESCRIPTION OF TEST HARDWARE 

TEST PLAN 

TEST SET-UP 

G r o u n d  S t a t i c  Run-Up 

F l i g h t  

ENGINE CYCLE MEASUREMENTS 

AIRCRAFT ALTITUDE AND VELOCITY MEASUREMENTS 

AIRCRAFT OVERHEAD LOCATION 

ACOUSTIC MEASUREMENTS INSTRUMENTATION 

G r o u n d  Stat ic  Run-Up 

F l i g h t  

TEST SUMMARY 

ACOUSTIC DATA REDUCTION - GROUND STATIC RUN-UP 

Conical E j e c t o r  Pure T o n e  

385 T u r b o m a c h i n e r y  T o n e s  

575 a t  I d l e  - B a c k g r o u n d  Noise 

C o o l i n g  A i r  - B a c k g r o u n d  Noise 

300 F t .  S ide l ine  Extrapolation 
I 

Page 

ii 
iii 
iv 
vi 

xii 
1 

3 
3 
4 
5 
6 
10 

15  
22 

23 
23 

23 

27 
27 
20 

29 
29 
29 
32 
43 
44 
45 
45 
50 

5 1  

iv 
d 



TABLE OF CONTENTS (Concluded) 

PRESENTATION OF STATIC DATA 

DISCUSSION OF STATIC DATA 

, Spec t r a l  Characteristics 

D i r e c t i v i t y  

Data V a l i d i t y  

Peak Noise and Suppression Versus Jet Veloci ty  

Conical E jec to r  - Comparison t o  SAE Pred ic t ion  

Free F ie ld  Correct ion E f f e c t  on Suppression 

ACOUSTIC DATA REDUCTION - FLIGHT 

Accuracy of A i r c r a f t  Overhead Location 

"DRAFT" Processing 

Inf luence of Correct ing F l i g h t  t o  Standard Day 

575 F l i g h t  I d l e  - Background Noise 

PRESENTATION OF FLIGHT DATA 

DISCUSSION OF FLIGHT DATA 

Peak OASPL, Peak PNL and EPNL 

THRUST MEASUREMENTS ANI, RESULTS 

DISCUSSION OF FLIGHT VELOCITY EFFECTS 

Conical E jec to r  - Comparison t o  SAE Pred ic t ion  

Comparison of S t a t i c  and F l i g h t  Suppression 

PNL D i r e c t i v i t y  and Level Comparisons - S t a t i c  t o  F l i g h t  

Doppler S h i f t  and Dynamic E f f e c t  

CONCLUSIONS 

APPENDIX 
NOMENCLATURE 

REFERENCES 

REPORT DISTRIBUTION LIST 

Page 

52 
108 
108 
108 

109 
109 
115 
118 
122 

123 
123 
127 
129 
134 
211 
211 
224 
227 
227 
230 
234 
242 

250 
253 
257 
259 
261 

V 



LIST OF ILLUSTRATIONS 

Figure No. Descr ip t ion  

1 F106 T e s t  Vehicle;  575 Main Powerplant; J85's 

Under Wings. 

2 Cross Sect ion of 585 Engine. 

3 

4 Engine Schematic Incorporat ing 32 Chute Suppressor 

? 585 Engine Mounted Under F106 Wing. 

wi th in  an Annular Plug Nozzle. 

5 Model S t a t i c  300 F t .  S ide l ine  Peak PNL Suppression 

6 Ground S ta t ic  300 F t .  S ide l ine  Peak PNL Levels and 

7 

8 

9 

10 

11 

12 

13  

14  

15 

16 - 19 

20 - 26 

27 

28 

29 

Suppressions,  Model Measurements Scaled t o  585 Size.  

585 S t a t i c  and F l i g h t  Cycles.  

Reference Nozzle; Conical Primary with Cy l ind r i ca l  

E jec tor .  

Schematic of Annular Plug,  32 Spoke/Plug and 

64 Spoke/Plug Nozzles. 

32 and 64 Spoke Nozzles on 585 Engine. 

1 2  Chute/Plug Nozzle. 

F106/585 Ground S ta t ic  Microphone Layout. 

F106 A i r c r a f t  Located f o r  Ground S t a t i c  Measurements. 

Microphone Locations & A i r c r a f t  Operation f o r  F l i g h t  

Measurements. 

General Electr ic  and NASA F l i g h t  Noise Monitoring 

Instrumentat ion.  

100 F t .  A r c  575 - I d l e  Ground S t a t i c  Spectra  with and 

without A i r  Cooling on 585. 

100 F t .  A r c  585 Ground S t a t i c  Spectra;  Conical Ejec tor .  

Ground S t a t i c  100 F t .  A r c  OASPL D i r e c t i v i t y ;  Conical 

Ejec tor  . 
Ground S t a t i c  100 F t .  A r c  PNL D i r e c t i v i t y ;  Conical 

Ejec tor .  

Ground S ta t i c  300 F t .  S ide l ine  OASPL D i r e c t i v i t y ;  

Conical E jec to r  . 

B +  

. 

d 
vi 



LIST OF ILLUSTRATrONS - Continued . 

Figure No. 

30 

31 - 37 

38 

39 

40 

41 

42 - 48 

49 

50 

51 

52 

53 - 59 

60 

61 

62 

63 

64 - 70 

Descr ip t ion  

Ground S t a t i c  300 Ft .  S ide l ine  PNL D i r e c t i v i t y ;  

Conical Ejec tor .  

100 Ft .  A r c  385 Ground S t a t i c  Spectra;  Baseline 

Annular Plug. 

Ground S t a t i c  100 F t .  A r c  OASPL Directivity;  

Basel ine Annular Plug. 

Ground S t a t i c  100 F t .  A r c  PNL D i r e c t i v i t y ;  

Basel ine Annular Plug. 

Ground S t a t i c  300 F t .  S ide l ine  OASPL D i r e c t i v i t y ;  

Basel ine Annular Plug. 

Ground S t a t i c  300 F t .  S ide l ine  PNL D i r e c t i v i t y ;  

Basel ine Annular Plug. 

100 F t .  A r c  585 Ground S t a t i c  Spectra;  32 Spoke/Plug. 

Ground S t a t i c  100 F t .  Arc OASPL D i r e c t i v i t y  

32 Spoke/Plug . 
Ground S t a t i c  100 F t .  A r c  PNL D i r e c t i v i t y ;  

32 Spoke/Plug. 

Ground S t a t i c  300 F t .  S ide l ine  OASPL D i r e c t i v i t y ;  

32 Spoke/Plug. 

Ground S t a t i c  300 F t .  S ide l ine  PNL D i r e c t i v i t y ;  

32 Spoke/Plug. 

100 F t .  Arc 585 Ground S t a t i c  Spectra;  64 Spoke/Plug. 

Ground S t a t i c  100 Ft .  A r c  OASPL D i r e c t i v i t y ;  

64 Spoke/Plug . 
Ground S t a t i c  100 F t .  A r c  PNL D i r e c t i v i t y ;  

64 SpokelPlug. 

Ground S t a t i c  300 F t .  S ide l ine  OASPL D i r e c t i v i t y ;  

64 Spoke/Plug . 
Ground S t a t i c  300 F t .  S ide l ine  PNL D i r e c t i v i t y ;  

64 SpokelPlug . 
100 Ft .  Arc 385 Ground S t a t i c  Spectra;  12  Chute/Plug. 

v i i  
d 



LIST OF ILLUSTRATIONS - Continued 

Figure No. 

71 

72 

73  

74 

75 

76 

77 

78 

79 

80 

81 

8 2  

83 

84 

85 - 86 

87 - 88 

Descr ip t ion  

Ground S t a t i c  100 F t .  Arc OASPL D i r e c t i v i t y ;  

12 Chute/Plug. 

Ground S t a t i c  100 Ft .  A r c  PNL D i r e c t i v i t y ;  

12 Chute/Plug. 

Ground S t a t i c  300 F t .  S ide l ine  OASPL D i r e c t i v i t y ;  

12 ChutelPlug 

Ground S t a t i c  300 Ft .  S ide l ine  PNL D i r e c t i v i t y ;  

12 Chute/Plug 

Ground S t a t i c  100 Ft .  Arc Peak OASPL Levels and 

Suppressions.  

Ground S t a t i c  100 F t .  A r c  Peak PNL Levels and 

Suppressions. 

Ground S t a t i c  300 F t .  S ide l ine  Peak OASPL Levels 

and Suppressions. 

Ground S t a t i c  300 F t .  S ide l ine  Peak PNL Levels 

and Suppressions. 

Comparison of Measured 585 PNL Suppression t o  

Levels Anticipated from Model Data. 

Comparison of 300 F t .  S ide l ine  Measured Peak 

OASPL and PNL t o  SAE Pred ic t ion ,  Conical Ejec tor .  

Comparison of 300 F t .  S ide l ine  Measured Spectra  t o  

SAE Pred ic t ion ,  Conical Ejec tor .  

300 Ft .  S ide l ine  585 and Model Spectra  comparison 

a t  Low and High VJ vs. Strouhal  No. 

Ground S t a t i c  300 Ft .  S ide l ine  Peak PNL Levels 

and Suppressions,  Data Corrected t o  Free  F ie ld .  

Schematic of " D W T "  Correct ion Procedure. 

575 Fl ight - Id le  Background Noise, Mic Under 

F l i g h t  Path.  

575 Fl ight - Id le  Background Noise, S ide l ine  M i c .  

d 
v i i i  



LIST OF ILLUSTRATIONS - Continued 

J 

Figure No. Descr ip t ion  

89 - 92 F l i g h t  PNL, Conical Ejec tor ,  M i c  Under F l i g h t  Path,  

as Measured Data. 

F l i g h t  PNL, Conical E jec to r ,  M i c  Under F l i g h t  Pa th ,  

Corrected Data. 

93 - 96 
I 

97 - 100 F l i g h t  Spectra  a t  Peak PNL, Conical E jec to r ,  Mic 
Under F l i g h t  Path.  

F l i g h t  PNL, Basel ine Annular Plug, Mic Under F l i g h t  

Pa th ,  as Measured Data. 

F l i g h t  PNL, Basel ine Annular Plug, M i c  Under  F l i g h t  

Path,  Corrected Data. 

F l i g h t  Spectra  a t  Peak PNL, Basel ine Annular Plug, 

Mic Under F l i g h t  Pa th  

F l i g h t  PNL, Basel ine Annular Plug,  S ide l ine  M i c ,  

as Measured Data. 

F l i g h t  PNL, 32 Spoke/Plug, Mic Under F l i g h t  Path,  

as Measured Data. 

101 - 102 

103 - 104 

105 - 106 

107 - 110 

111 - 114 

115 - 118 

119 - 122 

123 - 126 

127 - 130 

131 - 134 

135 - 138 

139 - 142 

143 - 147 

F l i g h t  PNL, 32 Spoke/Plug, Mic Under F l i g h t  Path,  

Corrected Data. 

F l i g h t  Spec t ra  a t  Peak PNL, 32 Spoke/Plug, M i c  

under F l i g h t  Path.  

F l i g h t  PNL, 32 Spoke/Plug, S ide l ine  Mic, as 

Measured Data. 

F l i g h t  PNL, 64 Spoke/Plug, Mic Under F l i g h t  

Pa th ,  as Measured Data. 

F l i g h t  PNL, 64 Spoke/Plug, Mic Under F l i g h t  

Pa th ,  Corrected Data. 

F l i g h t  Spec t ra  a t  Peak PNL, 64 Spoke/Plug, Mic 

Under F l i g h t  Path.  

F l i g h t  PNL, 64 Spoke/Plug, S ide l ine ,  M i c  

as Measured Data. 

F l i g h t  PNL, 12 Chute/Plug, Mic Under F l i g h t  Path,  

as Measured Data. 

i x  
d 



LIST OF ILLUSTRATIONS - Continued 

Descr ipt ion Figure No. 

148 - 152 

153 - 157 

158 - 163 

164 

165 

166 

167 

168 

16 9 

170 

17 1 

172 

17 3 

174 

175 

176 

F l i g h t  PNL, 12 Chute/Plug, Mic Under F l i g h t  Path,  

Corrected Data. 

F l i g h t  Spectra  a t  Peak PNL, 1 2  Chute/Plug, M i c  

Under F l i g h t  Path.  

F l i g h t  PNL, 12 Chute/Plug, S i d e l i n e  Mic, as 

Measured Data. 

F l i g h t  Peak OASPL Levels and Suppressions,  Mic 

Under F l i g h t  Path.  

F l i g h t  Peak PNL Levels and Suppressions,  M i c  Under 

F l i g h t  Path.  

F l i g h t  EPNL Levels and Suppressions,  M i c  Under 

F l i g h t  Path.  

F l i g h t  Peak OASPL Levels and Suppressions,  Mic 

Under F l i g h t  Path.  

F l i g h t  Peak PNL Levels and Suppressions,  Mic 

Under F l i g h t  Path.  

F l i g h t  EPNL Levels and Suppressions,  Mic Under 

F l i g h t  Path. 

Suppressed Nozzles Peak F l i g h t  Overall Sound Pressure  

Levels,  S i d e l i n e  M i c  . 
Suppressed Nozzles Peak F l i g h t  Perceived Noise Levels, 

S i d e l i n e  M i c  . 
Suppressed Nozzles F l i g h t  E f f e c t i v e  Perceived Noise 

Levels, S i d e l i n e  Mic. 

Comparison of PNL H i s t o r i e s  t o  Exemplify E f f e c t  on EPNL. 

F106/J85 Nozzle S t a t i c  Aerodynamic Performance. 

F106/585 Nozzle F l i g h t  Aerodynamic Performance. 

Comparison bf F l i g h t  Measured Peak OASPL and PNL 

t o  SAE Predic t ion ,  Conical E j e c t o r ,  M i c  Under F l i g h t  

Pa th  

I 

i 

X 



LIST OF ILLUSTRATIONS - Concluded 

Figure No. Descr ip t ion  

1 7  7 Comparison of F l i g h t  Measured Spectra t o  SAE Pred ic t ion ,  

Conical E jec to r ,  Mic Under F l i g h t  Path. 

178 - 179 Comparison of S t a t i c  and F l i g h t  Suppression Levels, Peak 

PNL and EPNL 

Comparison of Stat ic  and F l i g h t  PNL D i r e c t i v i t y .  

Doppler Frequency S h i f t  and F l i g h t  Dynamic E f f e c t  a t  M = .4. 

c 
i 

* I  
180 - 184 

185 

186 - 187 Comparison of S t a t i c  and F l i g h t  Spectra,  Conical Ejec tor .  

188 - 189 Comparison of Static and F l i g h t  Spectra, 64 Spoke/Plug. 

x i  



LIST OF TABLES 

Table No. 

I - Ia 

I1 - I Ia  

111 - I I Ia  

I V  - IVa 

V - V a  

V I  

V I 1  

Descr ipt ion 

Summary Cycle Data; Conical Ejec tor .  

Summary Cycle Data; Baseline Annular Plug. 

Summary Cycle Data; 32 Spoke/Plug. 

Summary Cycle Data; 64 SpokeIPlug. 

Summary Cycle Data; 12 Chute/Plug. 

T o t a l  Atmospheric Absorption Values f o r  F l i g h t ,  

Measured and Standard Day. 

Index t o  F l i g h t  Data Curves. 

Page 

33 & 34 
35 & 36 
37 at 38 
39 & 40 
4 1  & 42 

128 

135 

d 
xi i 



SUMMARY 

ii 

An F106 a i r c r a f t  wi th  a 585-13 t u r b o j e t  engine w a s  used f o r  s ta t ic  and 

f l i g h t  acous t i c  and aerodynamic tests of a con ica l  e j e c t o r ,  unsuppressed base- 

l i n e  plug, 32 spoke, 64 spoke, and 12 chute nozzle. 
I 

The study ob jec t ive  w a s  
t o  eva lua te  f l i g h t  v e l o c i t y  inf luence  on no i se ,  p r imar i ly  on suppression capa- 

b i l i t y  i n  terms of peak PNL and EPNL. 

t o  t he  SAE pred ic t ion  technique f o r  t he  con ica l  e j e c t o r  and s u f f i c i e n t  information 

would be accumulated t o  f u r t h e r  i n v e s t i g a t e  t h e  d e t a i l s  of f l i g h t  v e l o c i t y  

e f f e c t .  The purposes of t he  r e p o r t  were a)  t o  document t h e  method and procedure 

of test and d a t a  acqu i s i t i on / r educ t ion ,  b) t o  disseminate  t h e  measurements and 

c )  t o  show f l i g h t  v e l o c i t y  inf luence  on g ross  noise  parameters. 

I n  add i t ion ,  comparisons would be made 

S t a t i c  100 f t .  arc measurements were taken a t  seven angular l o c a t i o n s  

f o r  engine speeds of 80 through 100% (max d r y ) ,  cor rec ted  f o r  in f luences  o ther  

than jet  n o i s e  and t o  standard day, then  ex t rapola ted  t o  a 300 f t .  s i d e l i n e .  

F l i g h t  measurements were taken with f l i g h t l i n e  and s i d e l i n e  microphones, f o r  

engine speeds of 88 t o  100% (max dry) wi th  t h e  a i r c r a f t  i n  level 300 f t .  a l t i t u d e  

f l i g h t  and a t  M = 0.4. 

and cor rec ted  t o  standard day (59O F, 70% LZH), t o  c o n s i s t e n t  a l t i t u d e  and t o  

F l i g h t  a c o u s t i c  d a t a  are presented both as measured 

cons i s t en t  f l i g h t  speed. Comparisons are made on PNL and se l ec t ed  s p e c t r a  

between the  300 f t  s i d e l i n e  s t a t i c  d a t a  and t h e  measurements under t h e  f l i g h t  

path. 

no ise  of t h e  575 a t  i d l e ,  are discussed. Several of t h e  f l i g h t  measuring dhys 

va r i ed  considerably from a standard meteorological  day and inf luence  of 

co r rec t ions  t o  s tandard  day are discussed. 

is shown i n  terms of peak OASPL and PNL, PNL d i r e c t i v i t y ,  EPNL and chosen 

Influence of no i se  sources o ther  than pure j e t ,  including background 

F l i g h t  v e l o c i t y  inf luence  on noise  

spec t r a .  

I n  genera l ,  lower peak PNL suppression was a t t a i n e d  i n  f l i g h t  than s t a t i c a l l y  

when compared on a je t  v e l o c i t y  b a s i s .  

64 and 32 spoke nozzles show only minor suppression l o s s  i n  f l i g h t .  

nozzles experienced g r e a t e r  EPNL suppiession than peak PNL suppression due t o  

t h e i r  more favorable  PNL(T) d i r e c t i v i t y .  

I f  compared a t  relative v e l o c i t y ,  t he  

A l l  suppressed 

1 
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Change i n  noise  l e v e l s  from s t a t i c  t o  f l i g h t  is very incons i s t en t  between 

nozzles ,  between speed s e t t i n g s  and even between angles  a t  the  same speed set- 

t i n g s  f o r  each nozzle. The mechanics of change are var ied  and complex, genera l ly  

categorized i n t o  major areas of a )  Change i n  source noise  genera t ion ,  b) 

change i n  d i r e c t i v i t y ,  c )  Doppler s h i f t  and d )  dynamic e f f e c t .  I f  a l l  changes 

from s t a t i c  t o  f l i g h t  are considered as f l i g h t  v e l o c i t y  e f f e c t s ,  no gene ra l  

conclusions,  appl icable  t o  a l l  nozzles ,  can be formed. I n  some ins t ances ,  

such as t h e  con ica l  e j e c t o r  nozzles ,  t h e  f u l l  V e f f e c t  as suggested by 

t h e  SAE predic t ion  procedure is present  a t  peak noise  loca t ion .  However, 

a much l a r g e r  e f f e c t  is seen a t  i n l e t  angles  and a l a r g e  s h i f t  i n  no i se  

d i r e c t i v i t y  from s ta t ic  t o  f l i g h t  is present .  I n  o t h e r s ,  as f o r  t he  32 spoke 

high v e l o c i t y ,  t he  s t a t i c  noise  l e v e l s  match the  f l i g h t ,  i nd ica t ing  no inf luence  

of f l i g h t  ve loc i ty .  A t  low j e t  v e l o c i t y  the  trend is f o r  f l i g h t  no ise  t o  

exceed s t a t i c  measurements, i nd ica t ing  a reverse  V e f f e c t  or an inc rease  

of no ise  i n  f l i g h t .  

R 

R 

The Doppler s h i f t  and f l i g h t  dynamic e f f e c t  are discussed.  Correct ion by 

t h e  dynamic e f f e c t ,  i n  some ins tances ,  makes t h e  s t a t i c  d a t a  agree  more c lose ly  

t o  f l i g h t ,  bu t  i n  o the r s  i t  suggests  an even g rea t e r  V and reverse  V e f f e c t s  

must be present  t o  compensate.for the  dynamic effect .  
R R 

The s t a t i c  and f l i g h t  aerodynamic performance l o s s e s  were f a i r l y  high, as 

an t i c ipa t ed ,  s i n c e  t h e  nozzles  were not  re f ined  f o r  optimum aerodynamic performance. 

The 32 spoke performance w a s  wi th in  rf: 1% of the  r e s u l t s  from model s t a t i c  and 

wind tunnel  tests. 
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INTRODUCTION 

Need For Technology 

One of t h e  most undefined technology reg ions  i n  t h e  complex problem of 

j e t  engine no i se  is f l i g h t  v e l o c i t y  e f f e c t s ,  p a r t i c u l a r l y  i n  a p p l i c a t i o n  t o  

mechanically suppressed jet  no i se .  

S t a t e  of t h e  a r t  understanding of no i se  genera t ion  mechanisms and s ta t ic  sup- 

press ion  techniques con t inua l ly  advances as governmental agencies and indus t ry  

sponsor new research  programs. 

develop suppressed j e t  technology i n  t h e  f i n a l  f l i g h t  app l i ca t ion .  

The need f o r  technology is cri t ical .  

However, l i t t l e  e f f o r t  has been expended t o  

During development of t h e  American Supersonic Transport ,  i t  became evident  

t h a t  j e t  no i se  suppressors  w e r e  requi red  t o  allow t h e  t u r b o j e t  powered a i r c r a f t  

t o  m e e t  no i se  levels equiva len t  t o  those  imposed by f e d e r a l  r egu la t ions  on 

subsonic a i r c r a f t .  ( r e f .  1 )  Suppression technology w a s  p r i n c i p a l l y  developed 

employing s t a t i c  engine and model test veh ic l e s .  

f l i g h t  technology p roh ib i t ed  l a r g e  scale test programs. P red ic t ions  of 

f l i g h t  acous t i c  performance were accomplished by use  of s ta t ic  suppressor  

designs wi th  a p p l i c a t i o n  of e i t h e r  t h e o r e t i c a l  f l i g h t  e f f e c t s  o r  a combination 

of t h e o r e t i c a l  and emperical e f f e c t s ,  backed by measurements from c u r r e n t  

unsuppressed je t  powered a i r c r a f t .  

The high c o s t  of acqui r ing  

Both General Electric and NASA recognized t h e  need f o r  a d d i t i o n a l  

i nves t iga to ry  programs. T e s t  programs were necessary t o  develop d a t a  t o  

a i d  i n  understanding f l i g h t  v e l o c i t y  e f f e c t s  and t o  be more cognisant of 

t h e i r  impl ica t ions  i n  f l i g h t  n o i s e  p red ic t ions .  This becomes p a r t i c u l a r l y  

evident i n  considering f e d e r a l  r egu la t ions  imposing t h e  s u b j e c t i v e  response 

r a t i n g s  of E f f e c t i v e  Perceived Noise Level (EPNL). 

only of peak noise  bu t  a l s o  i ts  tone  content and t i m e  dura t ion .  Thus an under- 

s tanding  of f l i g h t  v e l o c i t y  e f f e c t s  on d i r e c t i v i t y  of unsuppressed and suppressed 

no i se  is requi red ,  as w e l l  as a t  t h e  peak no i se  va lue .  

EPNL is a func t ion  n o t  

3 
d 



Purpose of Program 

Under t h e  Department of Transpor ta t ion  sponsored Supersonic Transport  

program (Contract FA-SS 67-7) a t h r e e  phase s tudy w a s  i n i t i a t e d  by General 

Electric,  w i th  the  cooperation of NASA, L e w i s .  The program w a s  t o  i n v e s t i g a t e  

not  only f l i g h t  e f f e c t s  on unsuppressed and suppressed j e t  noise ,  bu t  a l s o  

s c a l i n g  requirements from model ( s ta t ic )  t o  engine (s ta t ic) .  Model acous t i c  

measurements w e r e  t o  be taken using two unsuppressed base l ine  nozzle  geometries 

and several segmented j e t  suppressors  w i th in  an annular  plug system. 

measurements were t o  be sca l ed  t o  585 engine s i z e  and compared t o  engine 

measurements on geometr ical ly  s imilar  hardware. 

* 

These 
- 

The engine s t a t i c  measurements 

would be  compared t o  f l i g h t  test d a t a  acquired using t h e  same 585 engine and 

j e t  suppressors  on the  F106 test vehic le .  

would be measured by both NASA (Lewis Research Center) and General Electric.  

NASA would sponsor and conduct t h e  test program and General Electric would 

t ake  t h e  piggy-back measurements working wi th in  the  o r i g i n a l  DOT/SST con t rac t  

and a follow-on con t r ac t  a f t e r  terminat ion of the  SST program. 

The engine s t a t i c  and f l i g h t  no ise  

Thus a t h r e e  phase test e f f o r t  would complete the  s tudy.  Data would 

be a v a i l a b l e  t o  e s t a b l i s h  whether base l ine  and suppressed model j e t  n o i s e  

measurements could be sca l ed  d i r e c t l y  t o  engine s i z e .  (This is t o  be 

documented i n  a r epor t  t o  DOT l a t e  i n  1972.)  I n  add i t ion ,  s t a t i c  and f l i g h t  

engine da t a  would be a v a i l a b l e  t o  i n v e s t i g a t e  the  c h a r a c t e r i s t i c  in f luences  

of f l i g h t  ve loc i ty  on base l ine  and segmented j e t  suppressor  no ise .  

Object ives  of t he  f l i g h t  v e l o c i t y  inf luence  s tudy were bas i ca l ly :  

a )  To determine t h e  magnitude of suppression change from s t a t i c  t o  

f l i g h t ,  p a r f i c u l a r l y  with respec t  t o  peak perceived no i se  levels. 

b) To determine t h e  level of change from peak PNI, suppression t o  EPNL 

suppression.  

c) To assess the  f l i g h t  v e l o c i t y  inf luence  on an unsuppressed base l ine  

nozz le  geometry i n  r e l a t i o n  t o  t h e  r e l a t i v e  v e l o c i t y  e f f e c t  p rescr ibed  

by the  SAE AIR 876 peak no i se  p red ic t ion  procedure ( r e f .  2 ) .  

a 
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d) To accumulate d a t a  s u f f i c i e n t  t o  f u r t h e r  i n v e s t i g a t e  t h e  more 

d e t a i l e d  f l i g h t  v e l o c i t y  e f f e c t s  on no i se  generated by b a s e l i n e  

nozzles and segmented jet  suppressors .  

Purpose of Report 

The s ta t ic  and f l i g h t  test program wi th  the  F106 a i r c r a f t  and 585 engine 

is p a r t  of a continuing NASA, Lewis research  e f f o r t .  General Electric (within 

the  DOT sponsored Program) suppl ied  several nozz le  hardware sets and took 

piggy-back acous t i c  measurements. 

technology development and r epor t ing  t o  t h e  s c i e n t i f i c  community, a con t r ac to r s  

r e p o r t  agreement w a s  e s t ab l i shed ,  allowing t h e  work e f f o r t  t o  be repor ted  i n  

t h i s  NASA CR, i n  l i e u  of a d i r e c t  r epor t  t o  t h e  Department of Transpor ta t ion .  

Within t h i s  contex t ,  purposes of t h e  r e p o r t  were def ined  as follows: 

A s  NASA's primary r e s p o n s i b i l i t y  is 

a )  To disseminate  s t a t i c  and f l i g h t  b a s i c  measurements f o r  b a s e l i n e  and 

suppressed nozzles.  

b) To document test  method and procedure. 

c )  To document method of data a c q u i s i t i o n  and reduction. 

d) To show f l i g h t  v e l o c i t y  changes on gross parameters such as peak 

OASPL and peak PNL. 
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TEST VEHICLE 

The acous l i c  da t a  presented i n  t h i s  r epor t  were measured during t h e  

operat ion of an F106 a i r c r a f t  a t  t h e  Se l f r idge  A i r  Force Base, loca ted  about 

25 m i l e s  nor theas t  of D e t r o i t ,  Michigan. The a i r c r a f t  w a s  equipped with two 

a u x i l i a r y  GE 585-13 engines ,  one mounted under each wing. Only t h e  r i g h t  s i d e  

585 engine w a s  used f o r  t h i s  acous t i c  test. Figure 1 shows t h e  a i r c r a f t  i n  f l i g h t  

with the  wing mounted engines.  The gene ra l  test program and opera t ion  of t h e  

a i r c r a f t  

Center of NASA. 

i* 
v. 

were under t h e  c o n t r o l  and d i r e c t i o n  of the-Lewis  (Cleveland) Research 
CI 

The 585 engine provides a func t iona l  test v e h i c l e  f o r  ease of adapta t ion  

t o  var ious  exhaust nozzle geometries,  necessary f o r  j e t  noise  research  work. 

Figure 2 is  a schematic of t h e  engine wi th  a cha r t  of compressor and tu rb ine  

blading. Design speed is  16,500 rpm. The photograph i n  Figure 3 shows t h e  

engine mounted i n  i t s  func t iona l  pos i t i on  under the  a i r c r a f t  d e l t a  wing. Its 

cyc le  i s  c h a r a c t e r i s t i c  of bas i c  t u r b o j e t s  and i s  a good r ep resen ta t ion  of 

exhaust condi t ions i n  the  low t o  medium jet  v e l o c i t y  range an t i c ipa t ed  of 

t u r b o j e t  powerplants considered f o r  SST appl ica t ion .  

6 
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SELECTION OF SUPPRESSOR SYSTEM 

During t h e  l a t t e r  phase of t he  SST program, a high a i r  flow, low take  off 

ve loc i ty  engine design w a s  i d e n t i f i e d  which w a s  an t i c ipa t ed  t o  meet the  FAR-PART 

36 subsonic a i r c r a f t  no i se  requirements when u t i l i z i n g  a segmented suppressor 

nozzle. The nozzle system would be s imilar  t o  t h e  schematic of Figure 4 ,  with 

t h e  su2pressor stowable wi th in  t h e  plug. The unsuppressed nozzle  th roa t  area 

would be con t ro l l ed  by v a r i a b l e  plug geometry. A t  t akeof f ,  t h e  suppressor  would 

be deployed from t h e  plug and m a t e  wi th  the  t r a n s l a t i n g  shroud t o  form t h e  new s; 

t h roa t .  

To determine t h e  no i se  suppression c h a r a c t e r i s t i c s  and corresponding 

aerodynamic p e n a l t i e s  assoc ia ted  w i t h  segmented suppressor systems, scale model 

(approximately .6 D ) acous t i c  and aerodynamic test programs w e r e  i n i t i a t e d .  

Within t h e  programs a number of models were t e s t e d ,  no t  chosen s p e c i f i c a l l y  t o  

be t h e  bes t  aero /acous t ic  performers but  t o  eva lua te  geometric parameters such 

as a) number of suppressor elements,  b) compactness of element spacing and 

c )  s o l i d  spoke versus  v e n t i l a t e d  chute.  

tl 

8 

During t h i s  s a m e  t i m e  per iod ,  NASA, L e w i s  w a s  conducting a f l i g h t  test  

program, inves t iga t ing  f l i g h t  acous t i c s  of unsuppressed and suppressed nozzles .  

With NASA's approval ,  several of t h e  model des igns  w e r e  s e l ec t ed  t o  be made 

i n t o  engine hardware f o r  585 s ta t ic  and f l i g h t  measurements. Those chosen 

were 32 and 64 spoke suppressors  w i th in  an annular  plug system and a base l ine  

unsuppressed annular  plug. Se lec t ion  w a s  done while  t he  model parametr ic  inves- 

t i g a t i o n  w a s  i n  progress ,  t he re fo re ,  model suppression l e v e l s  were not  known and 

refinement w a s  not  poss ib l e  t o  configure an optimum spoke/plug suppressor  design. 

Acoustic suppression l e v e l s ,  t he re fo re ,  were n e i t h e r  expected t o  be t h e  

h ighes t  poss ib l e  wi th in  t h i s  system, nor were t h e  suppressors  an t i c ipa t ed  t o  

show high APNL/AC r e s u l t s .  The nozzle designs i n  themselves were se l ec t ed  

by a n t i c i p a t i n g  which would produce good c h a r a c t e r i s t i c  acous t i c  da t a .  They 

represented a suppression concept and a v a r i a t i o n  of t he  concept and w e r e  only 

t o  s u b s t a n t i a t e  t he  v i a b i l i t y  of t h e  system i n  app l i ca t ion  t o  the  SST. 

f g 
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General Electric supplied t h e  new hardware p ieces  required f o r  t h e  spoke 

and base l ine  plug conf igura t ions .  NASA's a v a i l a b l e  c y l i n d r i c a l  e j e c t o r  nozzle ,  

descr ibed i n  re ference  11, when f i t t e d  t o  t h e  conica l  convergent primary nozzle  

of t h e  585 engine,  w a s  chosen as the  base l ine  conf igura t ion .  I n  add i t ion ,  NASA 

had f ab r i ca t ed  a 12 chute/plug nozzle wi th  a pointed plug end. It w a s  included 

i n  t h e  study and General Electric made a dup l i ca t e  model nozzle  f o r  use  i n  t h e  

" 4  
sca l ing  study. 

t -  
I "  

A t  t he  end of t he  model parametr ic  program (around t h e  t i m e  per iod f l i g h t  

tests were beginning) acous t i c  performance of t h e  nozzles  w a s  known. The * 

model d a t a  w e r e  sca led  t o  GE4 s i z e  (approximate scale f a c t o r  of 8 : l ) .  300 

f t  s i d e l i n e  peak PNL suppression is  shown as a func t ion  of j e t  v e l o c i t y  i n  

Figure 5 ,  i nd ica t ing  g o o d - s t a t i c  performance f o r  t h e  th ree  suppressors  and 

s l i g h t  PNL suppression f o r  t h e  base l ine  annular plug. I f  t h e  model d a t a  w e r e  

scaled t o  t h e  585 engine s i z e  (approximate scale f a c t o r  of 2 : l )  t h e  an t i c ipa t ed  

suppression levels f o r  t h e  engine v e l o c i t y  range t o  maximum dry  would be as 

shown i n  Figure 6. Changes i n  suppression from the  GE4 t o  the  585 s i z e  are 

due t o  s h i f t i n g  of spec t r a  levels t o  areas of d i f f e r e n t  PNL weighting. 
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0 MODEL MEAS- SCALED TO 585 S I B  
0 300 FT SIDELINE 
0 DATA COIWCTED TO STADDAFUI DAY & TO FR33E FIELD 1.60 
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0------6 64 SPOKE/PI,UG 
D-- .--El 12 CKUTE/PLUG 
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M/SEC 350 4oc, 450 500 550 600 650 700 
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DESCRIPTION OF TEST J3AlDWARE 

c 

" 

The engine nozzle systems were designed t o  have a f ixed  t h r o a t  area of 
approximately 110 square inches ,  s e l e c t e d  f o r  T5 requirements at.100% speed. 

Each w a s  designed t o  ope ra t e  up t o  maximum dry  exhaust cyc le ,  t h e r e f o r e ,  no 

s p e c i a l  cooling techniques were employed, 

d i f f e r e n t  f o r  each nozzle,  t h e  e f f e c t i v e  t h r o a t  areas changed and var ied  t h e  

a t t a i n e d  cycle.  Figure 7 shows measured cyc le  curves,  P /P versus  TT8, f o r  

each nozzle during static and f l i g h t  tests. 

A s  t h e  d ischarge  c o e f f i c i e n t s  were 

T8 o 

The nozzle which w i l l  be termed, f o r  s i m p l i c i t y  throughout t h i s  r e p o r t ,  

as a con ica l  e j e c t o r  i s  shown i n  Figure 8. 

con ica l  convergent primary nozzle wi th  a c y l i n d r i c a l  secondary e j e c t o r .  It 

pumped cooling flow, equiva len t  t o  a cor rec ted  4 t o  6% of t h e  p r b a r y  flow, 

over t he  primary nozzle  during f l i g h t .  

NASA f o r  u se  i n  c a l i b r a t i n g  t h e  t h r u s t  measuring system as described i n  referencc 

11, and w a s  chosen as base l ine  unsuppressed r e fe rence  f o r  t h i s  study. 

The system was comprised of a 

This nozzle w a s  designed and b u i l t  by 

A schematic of t he  base l ine  annular plug nozzle is  shown i n  F igure  9a. 

The t h r o a t  of t h e  nozzle is j u s t  a f t  of t h e  maximum plug diameter l oca t ion .  

A 10' ha l f  angle afterbody w a s  chosen wi th  a contoured plug end. 

forebody (ref .  12) and outer  annular nozzle w e r e  NASA's hardware. The contoured 

plug end w a s  supplied by General Electric. This is a l s o  the  bas i c  plug geometry 

of t h e  suppressor nozzles.  

The plug 

Figure 9b is a schematic of the 32 and 64 spoke conf igu ra t ions ,  the 

annular nozzle  of t h e  base l ine  plug geometry being replaced by a shroud wi th  

t h e  segmented suppressor p i eces .  Geometric t h r o a t  l o c a t i o n  is a t  t h e  exit of 

t h e  spokes, considerably a f t  of t h e  base l ine  plug nozzle  t h r o a t ,  t o  a l low t h e  

same flow area a t  t h e  l a r g e r  annulus area loca t ion .  

64 spoke nozzles are shown i n  Figures 10a and l o b ,  r e spec t ive ly .  

were area r a t i o  of 2.0 des igns ,  meaning t h e  t o t a l  annulus area div ided  by t h e  

flow area equals two, o r  the blocked area is equiva len t  t o  t h e  flow area. 

Photographs of t h e  32 and 

Both nozzles 

The 32 spoke nozzle  has blocker elements of shal low 'V' des ign  w i t h  r a d i a l l j  

tapered s i d e s  and the re fo re  each flow element is nea r ly  r ec t angu la r  i n  shape. 

The 64 spoke nozzle  elements are s o l i d  and r a d i a l l y  p a r a l l e l  s ided  f o r  t h e  

d 
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A. 

A) REFERENCE NOZZG ON J85 ENGINE . .  

fa. 

B) SCHEMATIC OF REFERENCE NOZZLE 

- - -  
FIGURE 8 REETRENCE NOZZLE ; CONICAL PRIMARY WITH CYLINDRICAL EJECTOR - _  
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A) BASELINE ANNULAR PLUG NOZZLE I 

B) 64 SPOECE/PLUG NOZZLE 

+Solid Spokes 

-V-Gutter Design 

! ' I  I 

-1 

6) 32 SpoI(E/PLUG NOZZLE 
1 -  

I 

I FIGURF: 9 S-TIC OF ANNULAR PLUG j 32 SPOKE/PLUG & 64 SPOIUZ/PLUG NOZZLES - 
d 
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A) 32 SPOKE/PLUG NOZZLE 

B) 64 SPOKE/PLUG NOZZLE 

FIGURE 10 32 & 64 SPOKE/PLUG N0ZZI;ES ON J85 ENGINE 
. I  - -  
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required phys ica l  s t r eng th  of t h e  small c r o s s  s e c t i o n ,  t he re fo re ,  t h e  flow 

sec t ions  are r a d i a l l y  tapered. 

blockers  r a t h e r  than chutes .  

t o  be high as the  base areas of t he  spokes would not  be w e l l  v e n t i l a t e d .  

pressures  would be low, r e s u l t i n g  i n  high base drag l o s s .  A s  w a s  found from 

t h e  model program, des ign  of t h e  elements t o  e n t r a i n  l a r g e  amounts of ambient 

a i r ,  as 

For both nozzles  the  elements were designed as 

Aerodynamic l o s s  of t h e  nozzles  w a s  a n t i c i p a t e d  

Base 

an be done with chutes  open t o  ambient, would v e n t i l a t e  t h e  base areq -. 

f g 
and redu f e base drag l o s s  by several percent  of t h e  t o t a l  AC l o s s .  

The f i f t h  test nozzle w a s  a 12 chute/plug design shown schematical ly  i n  * 

Figure l l a  and as a photograph i n  Figure l l b .  This nozzle  w a s  designed and 

b u i l t  by NASA. The i n t e r n a l  plug w a s  t h e  same as f o r  t h e  o ther  nozzles  bu t  

had a pointed plug end, cont inuing the  10' hal f  angle ,  i n  p lace  of t h e  contoured 

plug end. The nozzle  w a s  of area r a t i o  = 3.0, meaning t h e  t o t a l  annulus area/ 

primary flow area = 3 . 0  or  t h e  blocked area i s  t w i c e  t h a t  of the  primary flow 

area. 

f o r  en t r a in ing  ambient flow. 

Tpe chutes  were of shallow s lope  i n  design t o  a l low an easy entrance ramp 
I 
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L- 35.33" + 

A) SCHEMATIC OF 12  CHUTE/PLUG NOZZI3 

B) 12 CHUTE/PLUG N O Z m  ON 585 E3GINE 

-___  

FIGURE! 11 1 2  CHUTE/PLUG NOZZIZ 
~ 
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TEST PLAN 

For each ground s t a t i c  run-up tes t ,  a bellmouth i n l e t  w a s  i n s t a l l e d  

on the 585 engine. With t h e  575 a t  i d l e ,  sound d a t a  w a s  t o  be recorded wi th  

t h e  585 engine operat ing a t  nominal speeds of 100, 96, 92, 88, 84, and 80%. 

These speeds were chosen t o  provide a s u f f i c i e n t l y  low engine s ta t ic  je t  exhaust 

v e l o c i t y  t o  compare t o  the  r e l a t i v e  v e l o c i t y  (V = V - V ) of ~e 

lowest f l i g h t  engine speed s e t t i n g  of 88%. 

each point  f o r  a period of approximately 2 minutes during which ga in  levels w e r e  

set and about 1-1/2 minutes of d a t a  were recorded. 

set as s p e c i a l  circumstances of t h e  day warranted. Since the  575 furnished power 

f R j e t  a i r c r a f t  * 

The 585 engine w a s  normally held on 

9 

Repeat power s e t t i n g s  were 

f o r  t h e  a i r c r a f t  d a t a  recording system and f o r  f u e l  supply pressure  t o  t h e  J85 

engine,  i t  w a s  maintained a t  i d l e  power s e t t i n g  f o r  a l l  of t he  sound tests. 

On occasion the  575 w a s  run by i t s e l f  a t  i d l e  t o  e s t a b l i s h  the  background noise  

levels a t  a l l  measuring angles .  

For f l i g h t  t e s t i n g ,  t h e  bellmonth i n l e t  w a s  replaced by a f l i g h t  i n l e t .  

T e s t  p lan  f o r  each nozzle w a s  t o  set nominal 585 engine speeds of 100, 96, 92 

and 88% with t h e  575 a t  i d l e  and t o  f l y  t h r e e  r e p e t i t i v e  passes  a t  each speed 

while tape  monitoring the  noise .  Background noise  levels of t he  J75 a t  i d l e  

would be measured using only the  575; t h e  585 shut  o f f .  

A l t i t ude  of 300 f t .  w a s  chosen t o  minimize var iances  i n  no i se  propagation 

due t o  wind g rad ien t s  and thermal l aye r s .  I n  add i t ion ,  t h e  f a i r l y  s h o r t  

acous t i c  pa th  lengths  (from source t o  r ece ive r )  would help con t ro l  var iance  

due t o  high frequency atmospheric absorp t ion .  

A cons i s t en t  f l i g h t  speed of 260 knots  (438 f t / s e c )  w a s  d e s i r e d ,  as 

i t  was i n  the  range of l i f t  off /c l imbout  speed considered f o r  t h e  supersonic  

t r anspor t  a i r c r a f t  t o  which the s tudy r e s u l t s  would be appl ied and w a s  near 

t h e  minimum drag condi t ion  f o r  t h e  F106. 
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TEST SET-UP 

Ground S t a t i c  Run-Up 

The F106 a i r c r a f t  w a s  posit ioned on an  a l l  concre te  taxiway wi th  t h e  

exhaust plane of t h e  r i g h t  hand J85 engine a t  t h e  cen te r  of a 100 f t .  arc as 
shown i n  Figure 12 .  

40°, 80° ,  llOo, 120°, 130°, 140°, and 150' from t h e  engine i n l e t  axis and a t  

a he ight  equiva len t  t o  t h e  exhaust plane c e n t e r l i n e  he ight  of approximately 

63 inches. 

microphones clamped such t h a t  t h e  heads w e r e  approximately 6 inches from t h e  

stand. I n  t h e  ground s ta t ic  p o s i t i o n  of t h e  a i r c r a f t ,  t h e  585 w a s  canted 

approximately 4 1/2O wi th  the  engine i n l e t  c e n t e r l i n e  about 14 inches lower 

than the  exhaust cen te r l ine .  Figure 12 a l s o  shows t h e  proximity of t h e  575 

engine and F106 fuse l age  t o  t h e  585 test engine. 

during ground run-up up test  is shown i n  Figure 13. 

Seven microphones were loca ted  on t h e  100 f t .  arc a t  

Por t ab le  fo ld ing ,  t r ipod  microphone s tands  were used wi th  t h e  

A photograph of t h e  F106 

P r i o r  t o  each s t a t i c  of f l i g h t  test, a frequency response through each 

microphone system w a s  recorded before  going t o  t h e  f i e l d .  Upon arrival i n  t h e  

f i e l d ,  t h e  equipment w a s  se tup  as it would be used during t h e  test and a 

pre- tes t  pistonphone c a l i b r a t i o n  (124 dB @ 250 Hz) w a s  recorded on each system 

u t i l i z i n g  a B&K model 4220 pistonphone c a l i b r a t e r .  

t h e  s i g n a l  ga in  levels w e r e  ad jus ted  f o r  maximum s i g n a l  t o  no i se  r a t i o  f o r  each 

power s e t t i n g .  A post pistonphone c a l i b r a t i o n  was  a l s o  recorded immediately 

following t h e  completion of each test. 

A s  t h e  test proceeded, 

F l i g h t  

Sound d a t a  was recorded a t  two s t a t i o n s  during the level f lyove r s  as per  

t h e  t y p i c a l  microphone layout  i n  Figure 14a. 

under the  f l i g h t  pa th  and t h e  second w a s  at  a 492 f t .  (15Om) s i d e l i n e  pos i t i on .  

Both w e r e  posit ioned 4 f t .  above t h e  concre te  su r face  of t h e  taxiways. 

d i f f e r e n t  phys ica l  l oca t ions  on t h e  air  f o r c e  base were used f o r  f l i g h t  measure- 

ments t o  minimize i n t e r f e r e n c e  from o the r  a i r c r a f t  and thereby causing t h e  

s i d e l i n e  microphone o f f s e t  l o c a t i o n  t o  change. 

One microphone was  loca ted  d i r e c t l y  

Two 

For f l i g h t s  146 and 159 t h e  
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\ r  no6 AIRCRAFT 

100' R. I I -  

MICROPHONE LOCATIONS 9L 

f--- 

5'3" 

80" 

100' R. 4 

FIGURE 12 F106/J85 GROUIPD STATIC MICROF'HONE LAYOUT 

d 24 



M 
rl 

25 
d 



E 

a ) LOCATION OF MICROPHONES FOR FLIGIIT ACOUSTIC 

-- - I -_-. 

7.6 M I 25 m 7 
45.7 M I 150 FT MICROPHQNE UNDER FLIGHT PATH 

FLIGHT .t 
PATH 

N ' v  OF MOBILE 
\ TEST UNIT 
\ 

ACU 

420 SIDJ3LIME 
MICROPRONE 

\ + 
b ) AIRCRAFT & ENGIEIE ANGULAR ORIE2"ATION IN F L I W  

A"= 7" AIRCRAFT -GI& OF ATTACK TO FLIGHT PATH 
Bo= 4 1/2O ENGINE M O W  ANGLE RELATIVE TO AIRCRAFT Q 
Go= 2 1/2O RFSULTAN'I! ANGI;E OF EmGINE RELATNE TO HORIZON 

PATH 

FIGURE 14 MICROPHONE LOCATIONS & AIRCRAFT ORIENTATION FOR 
FLIGHT m N T S  
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s i d e l i n e  microphone l o c a t i o n  was  i n  l i n e  with t h e  f l i g h t  path microphone and 

a t  a r i g h t  angle  t o  t h e  f l i g h t  path.  

f o r  f l i g h t  146 due t o  equipment malfunction.) For f l i g h t s  152, 155 and 170, t h e  

s i d e l i n e  microphone w a s  o f f s e t  420 f t .  (128m) no r th  of t he  f l i g h t  pa th  microphone 

as per Figure 14a t o  p o s i t i o n  it  Over t h e  concre te  of t h e  angled taxiway. 

(No s i d e l i n e  d a t a ,  however, was  obtained 

The a i r c r a f t  f l i g h t  path p a r a l l e l e d  t h e  runway, t h e  p i l o t  being guided by 

concre te  markers under t h e  f l i g h t  path.  D i rec t ion  of f l i g h t  w a s  cons i s t en t  

during f l i g h t s ,  e i t h e r  no r th  t o  south or south t o  no r th ,  but w a s  changed f o r  

d i f f e r e n t  f l i g h t s .  

Figure 14b shows t h e  a i r c r a f t  and engine angular o r i e n t a t i o n s  i n  f l i g h t  

mode. 

angle  of a t t a c k  t o  the  f l i g h t  path.  

t h e  wing a t  a negat ive  4-1/2 degrees ;  a f i n a l  angle of +2-1/2' of t h e  engine 

c e n t e r l i n e  r e l a t i v e  t o  t h e  horizon r e s u l t e d .  

important when comparing s ta t ic  no i se  measurements t o  equiva len t  a c o u s t i c  angle  

f l i g h t  measurements. 

During l e v e l  f lyover  t h e  a i r c r a f t  w a s  nominally flown a t  a p o s i t i v e  7" 

The engine being permanently f ixed  under 

This r e s u l t a n t  angle  became 

ENGINE CYCLE MEASUT(E14ENTS 

Cycle parameters of t h e  585 engine, requi red  f o r  acous t i c  d a t a  c o r r e l a t i o n ,  

were monitored by an  onboard d a t a  system described i n  r e fe rences  11 and 13-dur ing  

both s t a t i c  and f l i g h t  tests f o r  each speed s e t t i n g .  These measurements, including 

t h r u s t ,  w e r e  reduced and supplied by NASA. Cycle parameters of P 

q u i t e  accu ra t e  measurements ( re f .  13), and t h e r e f o r e  produced accu ra t e  i d e a l  

j e t  v e l o c i t y  ca l cu la t ions .  V is the  parameter a g a i n s t  which most of t h e  

acous t i c  d a t a  w a s  compared. 

and TT8 are T8 

J 

AIRCRAFT ALTITUDE AND VELOCITY MEASUREMENTS 

The a i r c r a f t  a l t i t u d e  and v e l o c i t y  were taken from the  NASA f l i g h t  d a t a  

sheets .  

each d a t a  pass.  The a l t i t u d e  is repor ted  t o  be the  average of information from 

t h r e e  sources during t h e  pass:  

These parameters w e r e  recorded by t h e  f r o n t  seat p i l o t  immediately a f t e r  
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o From AFB r ada r  

o From onboard r a d i o  a l t i m e t e r  

o From onboard p res su re  a l t i m e t e r  

The ind ica t ed  a i r speed  w a s  read as t h e  a i r c r a f t  passed over t h e  f l i g h t  

path microphone. 

a l t i t u d e  is wi th in  - -I- 5 knots and - + 10  f t . ,  r e spec t ive ly .  

The estimated accuracy of t h e  reported a i r c r a f t  v e l o c i t y  and 

! 
The a i r c r a f t  v e l o c i t y ,  as indica ted  by an onboard Mach meter, w a s  a l s o  

monitored on t h e  a i r c r a f t  recorder.  Accuracy of t h i s  parameter is  s i g n i f i c a n t  

because when i t  is used wi th  overhead t i m e ,  f l i g h t  a l t i t u d e  and ambient temper- 

a t u r e ,  it e s t a b l i s h e s  t h e  a c o u s t i c  angles of noise  genera t ion  wi th  r e spec t  t o  

t h e  rece iv ing  microphone. 

measurement would accumulate e r r o r  i n  the  assigned angular l oca t ions  as t h e  

a i r c r a f t , p a s s e s  through t h e  more shallow angles  approaching or receding from 

t h e  overhead loca t ion .  The t o t a l  e r r o r  in a i r c r a f t  a x i a l  l oca t ion  would be 

Unsteadiness i n  a i r c r a f t  v e l o c i t y  or e r r o r  i n  i t s  

I 
a maximum of about 40 f t .  f o r  a t y p i c a l  10  f t / second a i r c r a f t  var iance ,  f o r  

t h e  range of d i s t a n c e  f o r  which acous t i c  measurements are used. This is  due t o  

t h e  high f l i g h t  speed and s h o r t  no ise  du ra t ion  and would mis loca te  a c o u s t i c  

angles  by only several degrees.  

AIRCRAFT OVERHEAD LOCATION 

When recording f l i g h t  no i se  d a t a ,  a sepa ra t e  d a t a  channel w a s  used t o  simul- 

taneously record a 400 Hz vo l t age  pulse .  

wi th  t h e  recorded "real time" from t h e  time code gene ra to r ,  t o  i n d i c a t e  the  t i m e  

a t  which the  a i r c r a f t  w a s  d i r e c t l y  overhead the  f l i g h t  path microphone. The 

vo l t age  pulse or "blip", induced using an o s c i l l a t o r ,  w a s  ac tua ted  based on 

v i s u a l  judgment of a ground observer s t a t ioned  a t  t h e  f l i g h t  path microphone. 

The s i g n a l  w a s  used, when co r re l a t ed  

The syst&n is  based pure ly  on human judgment and response and t h e r e f o r e  has 

l i m i t a t i o n s  i n  accuracy. Var i a t ions  which may have been introduced are, however, 

f e l t  n o t , t o  have any s i g n i f i c a n t  in f luence  on t h e  accuracy of r e s u l t s  of the 

acous t i c  istudy. Procedural  s t e p s  i n  d a t a  reduct ion  and assignment of overhead 

a i r c r a f t  l o c a t i o n  tended t o  eliminate any major human e r r o r  and average t h e  

inconsist!encies of a i r c r a f t  pos i t ion ing  between success ive  passes a t  t h e  same 

engine pdwer s e t t i n g .  

- 

This procedure i s  explained i n  more d e t a i l  under ACOUSTIC 
I 

DATA REDUCTION - FLIGHT. 
I 
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ACOUSTIC MEASUREMENTS INSTRUMENTATION 

Ground S t a t i c  Run-Up 

Each microphone system f o r  t h e  seven ground s t a t i o n s  w a s  composed of a 

one-half inch  Bruel & Kjaer (B&K) 4133 microphone c a r t r i d g e ,  a 2615 cathode 

follower,  a 2801 power supply, and 300 f t .  of coax cab le  u t i l i z i n g  t h e  7 p i n  

matching impedence 50 ohm output of t h e  power supply. The type 4133 microphones 

w e r e  pointed at  t h e  exhaust p lane  of t h e  585 engine, sub jec t  t o  normal inc idence  

of t h e  r a d i a t i n g  sound, and with f l a t  response c h a r a c t e r i s t i c s  w i th in  t h e  lOIMz 

frequency range of i n t e r e s t .  The output of each 300 f t .  coax c a b l e  w a s  fed  t o  

a 7-channel A-C coupled dB s t e p  ampl i f i e r ,  se rv ing  t o  condi t ion  t h e  s i g n a l  ga in  

f o r  m a x i m u m  s ignal- to-noise  r a t i o  on t h e  recorder .  

recorder  w a s  used wi th  d a t a  recorded a t  30-inches pe r  second t ape  speed. 

o sc i l l o scope  w a s  used t o  monitor s i g n a l  i npu t  levels t o  t h e  t ape  recorder .  

A Lockheed 7-channel FM 
An 

A l l  t h e  s t a t i c  and f l i g h t  acous t i c  equipment w e r e  operated from a General 

The l l O V  AC power f o r  opera t ion  of t h e  micro- E l e c t r i c  Company s t a t i o n  wagon. 

phone systems and recording equipment w a s  provided by a DC t o  AC conver te r ,  

operated o f f  t h e  ba t t e ry /gene ra to r  system of the  s t a t i o n  wagon. 

Voice i d e n t i f i c a t i o n  of each d a t a  po in t  w a s  a l t e r n a t e d  wi th  n o i s e  recording 

of t h e  40' t o  i n l e t  microphone. 

F l i g h t  

Two b a t t e r y  powered f i e l d  microphone systems (B&K Type  141B) were used t o  

They were designed t o  d r i v e  the  s i g n a l  over long c a b l e  record t h e  flyby da ta .  

l eng ths  without  apprec iab le  l o s s  i n  amplitude and wi th  a r e l a t i v e l y  f l a t  frequency 

response. 

s i g n a l  condi t ion ing ,  microphone c a r t r i d g e  "K" f a c t o r  adjustment, and l i n e  l eng th  

compensating adjustment f o r  f l a t t e r  frequency response. 

of a 1 / 2  inch  B&K d i f f u s e  f i e l d  microphone (Model 4134 having a frequency 

c h a r a c t e r i s t i c  f o r  grazing inc idence  which is f l a t  up t o  20K Hz), a microphone 

preampl i f ie r  (Model 2619 which is a s o l i d  state device) ,  a 0 t o  40 dB s i g n a l  

ampl i f i e r  ( i n  10 dB s t e p s ) ,  a l i n e  d r i v e  ampl i f i e r  f o r  sending t h e  microphone 

s i g n a l  over t h e  long cab le  d i s t ance ,  a preemphasis f i l t e r  (which e f f e c t i v e l y  

provides 10-12 dB/octave ga in  i n  t h e  h igher  frequencies s t a r t i n g  a t  about 1000 Hz), 

System f e a t u r e s  inc lude  200 v o l t  p o l a r i z a t i o n  vol tage ,  preemphasis 

Each system c o n s i s t s  
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and a b a t t e r y  pack which supp l i e s  t h e  remote opera t ing  power. 

operated with o r  without  t h e  preemphasis f i l t e r  i n  t h e  c i r c u i t .  

The u n i t s  can be 

Without t h e  preemphasis s i g n a l  condi t ion ing ,  recording of a i r c r a f t  f l i g h t  

d a t a  can become a problem due t o  t h e  l a r g e  dynamic range requirement c rea t ed  

during a complete fly-by. The maximum no i se ,  which occurs when t h e  a i r c r a f t  

is near  o r  p a s t  overhead, l i m i t s  t h e  s i g n a l  ga in  levels f o r  d r iv ing  t h e  t ape  

recorder;  b u t  f o r  shal low a c o u s t i c  angles ,  during approaching o r  receding from 

overhead, t h e  h igher  frequency generated no i se  r o l l s  o f f  quickly be fo re  reaching 

t h e  microphone, mainly due t o  atmospheric a t t e n u a t i o n  over t he  long d i s t ances .  

The preemphasis f i l t e r  e f f e c t i v e l y  provides the  t o o l  requi red  t o  i n s u r e  

t h a t  t h e  t r u e  a i r c r a f t  generated no i se  i n  the  higher frequency range is recorded 

above t h e  t ape  recorder  and/or equipment e l e c t r i c a l  no i se  f l o o r .  

were recorded wi th  preemphasis. 

A l l  fly-by d a t a  

The d a t a  w e r e  deemphasized with a matched de- 

emphasis f i l t e r  a t  t h e  t i m e  of t ape  recorder  playback f o r  d a t a  reduction. 

type wing sc reens  (B6K Type UA0237) were used on both microphones f o r  a l l  f l i g h t  

tests. 

and NASA, systems. 

Sponge 

Figure 15 is a t y p i c a l  f l i g h t  acous t i c  s e t u p  showing both General E l e c t r i c  

The' s p e c i a l l y  designed conductor cab le  f o r  t he  141B b a t t e r y  powered micro- 

phone u n ' t s  is provided i n  1000 f t .  reels; the re fo re ,  1000 f t .  of cab le  w a s  

used on both u n i t s ,  even though t h e  s t a t i o n  wagoriwas loca ted  only 80 t o  100 f t .  

from t h e  f l i g h t  path microphone. 

t o  d r i v e  t h e  s i g n a l  over cab le  lengths  of up t o  6000 f t .  

b a t t e r y  operated microphone systems w a s  FM recorded a t  30 IPS on t h e  Lockheed 

7-channel recorder .  

t h e  purpbse of t r i g g e r i n g  t h e  timing mechanism of t h e  analyzer/computer f o r  real 

t i m e  d a t p  a n a l y s i s .  

f 
The 141B microphone u n i t s  are, however, designed 

The d a t a  from t h e  two 
I 

A time code genera tor  s i g n a l  w a s  a l s o  recorded (on AM) f o r  

i 
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TEST SUMMARY 

Summaries of s ta t ic  test po in t s  and f l i g h t  test passes ,  f o r  which da ta  

w i l l  be presented i n  t h i s  r epor t ,  are included as Tables I through V as 

follows : 

Tables Configuration S t a t i c  F l i g h t  

IdIa Conical Ejec tor  Run 147 mT 146 

I I d I I a  Baseline Annular Plug Run 151 FLT 152 

I I I h I I I a  32 Spoke/Plug Run 180 & 181 FLT 159 

IVdIVa 64 Spoke/Plug Run 150 FLT 155 

VdVa 12  chute/plug Run 168 FLT 170 

The f i r s t  t a b l e  f o r  each conf igura t ion  is i n  English u n i t s  and t h e  second 

presents  the  s a m e  information i n  I n t e r n a t i o n a l  Standard Units .  Measured cyc le  

parameters, p lus  ca l cu la t ed  v e l o c i t i e s  and normalizat ion parameters, are 

presented. These are used f o r  comparing acous t i c  measurements. Meteorological 

condi t ions of barometric pressure  (P ), dry bulb temperature (T ) and r e l a t i v e  

humidity are included as they are used i n  ca l cu la t ing  t h e o r e t i c a l  atmospheric 

absorpt ion of sound. 

by the  con t ro l  tower, not  from the  a i r c r a f t  da t a  recorder .  The barometric pressure  

is ambient pressure  cor rec ted  t o  sea l e v e l .  

0 0 

These condi t ions  are averages f o r  t h e  test day as measured 
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TABLE I 

SUMMARY CYCLE DATA 

Nozzle: CONICAL EJECTOR 

GROUND STATIC 

Run 147 T e s t  kte: 2-25-71 

Point; 46 cam. 'G VJ 
NO RE% PPS pT8/p0 T8t0R Ft/Sec lOLog p2A 

1 103.6 45.6 2.26 1692 2078 -32.2 
7 102.9 45.2 2.26 1686 2072 -32.2 
2 98.3 44.1 2.07 1520 1869 -3.06 
3 94.2 39.8 1.82 1408 1643 -31.2 

5 85.3 31.1 1.48 iqo 1275 -30.7 
6 85.4 3.1 1.47 1263 1264 -30.7 
8 a . 4  27.5 1.36 1250 1x8  -30.7 

4 90.1 35.9 1.65 1344 1476 -31.0 

Po = 29.90 in. Hg To = 39.5"F 

FLIGRT 

R e l .  Hum. = 7% 

Fl ight  146 T e s t  Date: 2-18-71 

pass Corr. at. 'A 'G VJ VR 
NO. RPM Ft .  Ft/Sec PPS pT8/p~  T8,OR Ft/Sec l?t/%o lt%&gp2A 

3 100.9 300 430 48.7 2.37 1658 2107 1677 -31 -9 

5 95.0 300 430 46.3 2.16 1496 1901 1470 -3 .3  
6 95.1 295 422 46.3 2.17 1495 1906 1484 -31 0 3 
7 95.4 300 430 46.7 2.20 1509 193. 1501 - 3 * 3  
9 90.0 30 439 39.6 1.85 1339 1622 1183 -30.7 

10 91.3 305 439 41.3 1.91 1377 1686 1247 -30-9 
u. 87.0 305 430 36.0 1.59 1285 1 3 9  959 -30-7 

4 101.0 305 447 48.5 2.35 1662 2100 1653 -32 .O 

12 81.8 305 439 30.9 1.55 1234 1328 889 -30 4 

Po = 30.14 in. Hg To = 47°F Rel. +. = 675 
_. 

d 
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TABLE Ia 
SUMMARY CYCLE DATA 

Nozzle: Conical Ejector 

Run 147 I GROUND STATIC 

T e s t  Date: 2/25/71 

m/s 
T8, OK ‘J ’T8”o Point  X Corr. WG 

No. RPM kids 

103.6 

102.9 

98.3 

94.2 

90.1 

85.3 

85.4 

81.4 

20.7 

20.5 

20.0 

18.1 

16.3 

14.1 

14.1 

12.5 

2.26 

2.26 

2.07 

1.82 

1.65 

1.48 

1.47 

1.36 

940 

937 

844 

782 

747 

706 

702 

694 

6 34 

632 

570 

501 

450 

389 

385 

348 

4 2  T = 277.5 OK R e l .  Hum. = 78% = 10.125 x 10 n/m 
0 

FLIGHT 

F l i g h t  146 T e s t  Date: 2/18/71 

m/s 
Pass % Corr. A l t .  VA WG p8/p0 T8, O K  VJ 
No. RPM - m - m/s kg/s- - - 

3 100.9 91.4 131.1 22.1 2.37 921 642 511 
4 101.0 93.0 136.2 22.0 2.35 923 640 504 

5 95.0 91.4 131.1 21.0 2.16 831 529 448 

6 95.1 89.9 128.6 21.0 2.17 831 581 452 

7 95.4 91.4 131.1 21.2 2.20 838 589 458 

9 90.0 94.5 133.8 18.0 1.85 744 495 361 

10 91.3 93.0 133.8 18.7 1.91 765 514 380 

11 87.0 93.0 131.1 16.3 1.59 714 424 292 

12 81.8 93.0 133.8 14 .O 1.55 686 405 271 

P = 10.193 x 10 4 2  n/m To = 281.7 K R e l .  Hum. = 67% 
0 

r 
, .  
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TABU3 I1 

SUMMARY CYC'LF: DATa 

Nozzle: aAsELINE ANNULAR PLUG 

GROUND STATIC 
RW 151  Test Date: 3-17-71 

Point Corr. 'G vJ 
NO RPM PPS 'T8/'0 T8,0R Ft/Sec 10Logp2A 

9 103.0 46.1 2.34 1734 2142 -32.2 
10 103.0 46.1 2.34 1734 2142 -32.2 
1 98.3 45.1 2.19 1583 1972 -31.6 
8 98.3 45.1 2.19 1583 1972 -31.6 
2 93.6 39.9 1.86 1421 1679 -31.1 ' 

3 93.6 39.9 1.86 i 4 u  1679 -31.1 
4 89.7 36.0 1.67 1323 1481 -30 7 
5 85.2 31.7 1.50 1257 i2g2 -30.5 
6 81.2 28.0 1.38 1230 1145 -30.5 

Po = 30.25 in. Hg To = S ° F  Rel. Hum. = 61$ 

FLIGET 
Flight 152 T e s t  lhte: 3-25-71 

VJ VR wG P p T Pass $ Corr. A l t .  
No. REM Ft. Ft/Sec PPS T8Im 8,OR Ft/Sec Ft/Sec l 0 b g p 2 A  

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 

ll 
12 

102.3 295 
102.2 310 
102.4 300 
96.6 300 
96.7 295 
96.6 300 
92.3 30 
92.8 320 
92.5 290 
89.0 20 
89.0 305 
89.0 3 0  

Po = 30.27 in .  Hg 

439 
447 
430 
439 
430 
430 
430 
439 
439 
439 
430 
439 

51.1 2.58 1728 2246 

50.2 2.53 1739 2232 
48.1 2.31 153 2000 

51.1 2.58 1744 2257 

48.2 2.30 1537 1999 
48.2 2.31 1537 2003 
42.6 1.96 1368 1710 
43.0 1.98 1381 1730 
43.1 1.97 1373 1719 
39.1 1.76 1273 1521 
39.0 1.75 1272 1530 
39.2 1.76 1272 i5u 

To = 32'F R e l .  Hum. = 45% 

1807 
1809 
1802 
1561 
1568 
1573 
1280 

1-1 
1280 
1082 

1083 
1082 

-31.9 
-32.0 
-322 
-31.2 
-31.3 
-31.3 
-30.7 
-30.8 
-30.7 
-30 * 3 
-30.3 
-30.3 

i 
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TABLE 1% 
SUMMARY CYCLE DATA 

Nozzle: BASELINE ANN[ILAR PLUG 

GROUND STATIC 

Run 151 

Point  
No. 

9 

10 

1 

‘8 

2 

3 

4 

5 

6 

% Corr. 
RPM 

103.0 

103.0 

98.3 

98.3 

93.6 

93.6 

89.7 

85.2 

81.2 

WG 
kg/S 

20.9 

20.9 

20.5 

20.5 

18.1 

18.1 

16.3 

14.4 

12.7 

’T8/’0 

2.34 

2.34 

2.19 

2.19 

1.86 

1.86 

1.67 

1.50 

1.38 

963 653 

963 653 

879 601 

879 601 

789 512 

789 512 

735 453 

698 394 

683 349 

= 273 OK R e l .  Hum. = 612 4 2 
TO 

P = 10.23 x 10 i n / i n  
0 

F l i g h t  152 

FLIGHT 

Pass 
No. 

1 

2 

3 

4 
5 
6 

7 

8 

9 

10 

11 

12 

- % Corr. A l t .  WG 
m - m s  ”9’ kg/s - RPM 

102.3 

102.2 

102.4 

96.6 

96.7 

96.6 

92.3 

92.8 

92.5 

89.0 

1 

89.9 133.8 

94.5 136.2 

91.4 131.1 

91.4 133.8 

89.9 131.1 

94.5 91*4 1 
88*4 94.5 1 
97.5 133.8 

93.0 131.1 

94.5 133.8 

23.2 

23.2 

22.8 

21.8 

21.9 

21.9 

19.3 

19.5 

19.5 

17.7 

17.7 

17.8 

’T8”o 

2.58 

2.58 

2.53 

2.31 

2.30 

2.31 

1.96 

1.98 

1.97 

1.76 

1.75 

1.76 

I 

T8, OK 

960 

968 

966 

850 

853 

853 

760 

766 

762 

707 

706 

706 

vJ vR 
m/s m/s 

685 551 

688 552 

681 549 

610 476 

610 478 

611 480 

521 390 

527 397 

524 390 

464 330 

466 

464 

-- 

T = 273 OK ‘%el. Hum. = 45% 4 2 P = 10.23 x 10 in/ in  . 
0 1 0 
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TABLE I11 

SUMMARY CYCU DATA 

Nozzle: 32-SFQKE/PLUG 

GROUND STATIC 

~ u n  181 Test Date: 7-1-71 
Point $ Corr. WG vJ 
NO RPM PPS 'T8/% T8,0R Ft/Sec ~ O L O ~ ~ ~ A  

6 98.4 42.8 2.02 1627 1901 -32.2 
7 96.4 41.7 1.98 1553 1835 -31 8 
5 93.6 39.2 1.75 1503 1645 -31.8 
4 89.3 34.3 1.57 1435 1455 -3 .6  
8 88.5 33.3 1.60 1346 1429 -9.0 

3 86.0 30.8 1.47 1391 1323 -31.5 
2 82.2 27.3 1.36 1338 1189 -31.6 

11 82.2 27.3 1.36 1378 11% -31.6 
1 79.0 25.2 1.30 1361 1095 -31 5 

Po = 29.90 in .  Hg To = 8 3 " ~  R e l .  Hum. = 54% 

Run 180 T e s t  Date: 6-29-71 
2 ~ 8 4  1.35 1398 1179 -31.7 
1 e80 1.29 1374 1075 -31.6 

Po = 30.04 in. Hg To = 88°F Rel. Hum. = 48$ 
FLIGHT 

Flight 1-59 T e s t  Date: 4-14-71 
BSS' $ Corr. Ut. 'A 'G vJ vR 

NO RPM Ft .  Ft/Sec PPS 'T~/'o T8, O R  Ft/Sec Ft/Sec 10Logp2A 

1 101.7 300 447 50.2 2.42 1669 2139 1692 -31.9 
2 101.8 310 430 49.6 2.37 1670 2117 1687 -31 * 9 
3 10i.g 305 439 49.9 2.38 1669 2121 1682 -31.9 
4 95.8 300 439 * 47.6 2.19 1476 1905 l a 7  -31 .I. 

6 95.5 3.0 447 47.9 2.20 1487 1917 1470 -31.2 
7 91.4 320 439 41.9 1.89 1359 1662 1222 -30.8 
8 91.6 320 439 42.2 1.91 1364 1677 1238 -30.8 
9 91.4 300 439 41.7 1.90 1357 1666 1228 -30.7 

11 87.8 320 439 37.7 1.69 1275 1470 103 -30.5 
12 87.8 295 430 37.3 1.68 1282 1U6 1036 -30.5 

5 95.8 300 430 47.5 2.19 1497 1919 1488 -31 2 

10 87.7 310 447 37.7 1.69 1273 1470 1022 -30.4 

To = 43°F R e l .  Hum. = 3976 Po = 30.20 in .  Hg 
- I- 

i 4 

I 
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TABLE IIIa 

SUMMARY CYCLE DATA 
Nozzle: 32-SPOKE/PLUG 

GROUND STATIC 

Run 181 

'T8"o Point % Corr. WG 
No. RPM kg/s 

6 
7 
5 
4 
8 
3 
2 
11 
1 

98.4 
96.4 
93.6 
89.3 
88.5 
86.0 
82.2 
82.2 
79 .O 

19.4 
18.9 
17.8 
15.6 
15.1 
14.0 
12.4 
12.4 
11.4 

2.02 
1.98 
1.75 
1.57 
1.60 
1.47 
1.36 
1.36 
1.30 

T8, OK 

904 
863 
835 
797 
748 
773 
766 
766 
756 

Test Date: 7/1/71 

m s  " j  
579 
559 
501 
444 
436 
403 
362 
362 
334 

4 2  P = 10.13 x 10 n / m  
0 

T = 301 OK 
0 

Rel. Hm.. = 54% 

Run 180 Test Data: 6/29/71 
2 84 1.35 777 1179 
1 80 1.29 763 1075 

T = 304.4 OK Rel. Hum. = 48% 4 2  P = 10.17 x 10 n / m  
0 0 

I 

Flight 159 
Pass % Corr. 
No. RPM 
1 101.7 
2 101.8 
3 101.9 
4 95.8 
5 95.8 
6 95.5 
7 91.4 
8 91.6 
9 91.4 
10 87.7 
11 87.8 
12 87.8 

Alt. 
m 

91.4 
94.5 
93.0 
91.4 
91.4 
94.5 
97.5 
97.5 
91.4 
94.5 
97.5 
89.9 

4 2  P = 10.23 x 10 n / m  
0 

VA 
- m / s  
136.2 
131.1 
133.8 
133.8 
131.1 
136.2 
133.8 

4 
136.2 
133.8 
131.1 

rF 

FLIGHT 

'G p8/po 
kg/s- 
22.8 2.42 
22.5 2.37 
22.6 2.38 
21.6 2.19 
21.5 2.19 
21.7 2.20 
19.0 1.89 
19.1 1-91 
18.9 1.90 
17.1 1.69 
17.1 1.69 
16.9 1.68 

T8, OK 

927 
928 
927 
820 
832 
826 
755 
758 
754 
707 
708 
712 

Test Date: 4/14/71 

vJ VR 
m/s m/s 

652 516 
645 514 
646 513 
571 447 
585 454 
584 448 
507 372 
511 377 
508 374 
448 311 
448 314 
447 316 

-- 

I I = 279' K Rel. Hum. = 39% 
0 

. 7  

n 

c 

I 
38 



TABLE N 

SUMMARY C Y C U  DATA 

Nozzle : 64-SPOKE/PLUG 

GROUND STATIC 

RW 150 Test Date: 3-11-71 
Point 5 Corr. WG VJ 3 
NO . RPM PPS 'T8/'0 T8, O R  Ft/Sec 10Logp2A 

1 103.3 45.6 2.24 1674 2055 -32 1 

7 103.3 45.6 2.24 1674 2055 -32.1 
11 103.3 45.6 2.24 1674 2055 -32.1 

10 97.6 44.0 2.03 1485 1827 -31.4 
3 93.2 39.0 1.71 1326 1516 -30.8 
4 89.0 34.9 1.47 1203 1237 -30.2 
8 89.0 34.9 1.47 1203 1237 -30.2 
5 84.8 3 . 0  1.33 1154 1045 -30.0 
9 84.8 31.0 1.33 1154 1045 -30.0 
6 80.4 27.1 1.24 1123 899 -29 09 

2 97.6 4.4.0 2.03 1485 1827 -31.4 

Po = 30.00 in. Hg To = 31°F Rel. Hum. = 6176 

FLIGHT 

F l i g h t  155 T e s t  a t e :  4-6-71 
pass $ Corr. Ut. 'A 'G VJ VR 

NO. RPM Ft.  Ft/Sec PPS pT8/p0 T8,0R Ft/Sec Ft/Sec 10Logp2A 

2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

101.5 

101.5 
95 -4  
95 04 
95.4 

91- 3 

101.4 

91.4 

91.4 
87.6 
87.9 

300 430 
310 439 
295 439 
295 447 
310 439 
290 430 
310 439 
300 439 
300 430 
300 452 
300 447 

49.5 2.41 1679 2141 1711 
49.9 2.42 1677 2144 1705 

47.6 2.18 1463 1892 1445 
49.7 2.39 1662 2121 1682 

47.2 2.16 1460 1880 1441 
47.1 2.14 1455 1866 1436 
.41.6 1.83 1316 1596 1157 
41.6 1.82 1312 1586 1148 
41.5 1.82 1318 1591 1160 
37.4 1.55 1201 1310 858 
37.7 1 -58  1196 1331 887 

-31.9 
-31 9 
-31 0 9 
- 3 . 0  

-37. .1 
-31.0 
-30.6 
-30.5 
-30.6 

-30.0 
-30.1 

Po = 30.22 in.  Hg To = 46'F R e l .  Hum. = 37% 



TABLE N8 
SUMMARY CYCLE DATA 

Nozzle: 64-SPOKE/PLUG 

Run 150 

Point 
No. 

1 
7 
11 
2 
10 
3 
4 
8 
5 
9 
6 

% Corr. 
RPM 

103.3 

1 
97.6 
97.6 
93.2 
89 .O 
89.0 
84.8 
84.8 
80.4 

GROUND STATIC 

20.7 

1 
20.0 
20.0 
17.7 
15.8 
15.8 
14.1 
14.1 
12.3 

2.24 930 

i i  
2.03 825 
2.03 825 
1.71 737 
1.47 668 
1.47 668 
1.33 641 
1.33 641 
1.24 624 

626 

1 
557 
557 
462 
377 
377 
318 
318 
274 

= 273 OK Rel. Hum. = 61% 4 2 
*O 

P = 10.16 x 10 in/in 
0 

Flight 155 

FLIGHT 

TEST DA!I!B: 4/6/73, 

OK vJ vR 
m/s m/s -- 'T8"o T8 ' 

Alt . ' VA WG Pass % Corr. 
- No. RPM m - m / s  k d s  

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

101.5 
101.4 
101.5 
95.4 

1 
91.4 
91.3 
91.4 
87.6 
87.9 

91.4 131.3 22.5 2.41 
94.5 133.8 22.6 2.42 
89.9 133.8 22.5 2.39 
89.9 136.2 21.6 2.18 
94.5 133.8 21.4 2.16 
88.4 131.8 18.9 1.83 

: 1.83 
1.82 
1.82 
1.55 

94.5 133.8 
91.4 133.8 

131.8 18.8 
137.8 17.0 

136.2 17.1 1.58 

1 

933 
932 
923 
813 
811 
731 
741 
729 
732 
667 
664 

653 522 
654 520 
647 513 
577 441 
574 439 
487 353 
487 353 
484 350 
485 354 
399 262 
406 270 

, a ,  . 
Rel. Hum. = 37% 4 2 P = 10.23 x 10 in/in . To = 281 OK 

0 

i' .. 



TABLE V 

SUMMARY CYCLE DATA 

a 

.- 

Nozzle: 12-CHuTE/PLUO 

Run 168 
GROUND STATIC 

T e s t  Date: 5-13-"I. 
Point Corr. 'G VJ 
NO RPM PPS 'T8/Po T8,0R Ft/Sec 1 0 L o g p 2 A  

1 101.3 44.2 2.13 1683 2001 -32.4 
2 96.4 42.6 2.00 1530 1833 - 3 . 7  
3 92.0 37.5 1.65 1345 1477 -31.0 
4 96.0 42.1 1.91 1500 1759 -3 07 
5 92.0 37.4 1.62 1335 1446 -31.0 
6 88.1 33.3 1.46 1244 1245 -30.6 
7 83.4 28.8 1.32 1213 1058 -30.6 
8 79.0 25.6 1.24 1204 9 s  -30.6 

Po = 29.10 in.  Hg To = 54°F R e l .  Hum. = 45$ 

FLIGHT 

Test Bte: 5-14-71 Flight 170 
pass $ Corr. at. vA 'G VJ VR 

NO RPM Ft.  Ft/Sec PPS pT8/p0 T8,0R Ft/Sec Ft/Sec 10Logp2A 

1 99.8 300 430 
2 99.9 300 422 
3 100.1 290 422 

13 99.6 290 447 
4 94.3 300 430 
5 94.3 300 430 
6 94.3 300 430 

14 94.1 300 447 

8 90.1 300 439 
9 90.1 300 439 

LO 85.5 295 439 
11 85.5 310 447 
12 86.8 300 447 

7 90.1 300 439 

47.8 2.33 1698 a i 4  

47.9 2.31 1687 2100 

48.2 2.37 1693 u 3 2  
45.3 2-13 1503 1890 
45.5 2.13 1502 1890 

48.1 2.38 1715 a51 

45.1 2.11 1504 1883 
45.3 2.11 1493 1876 
38.9 1.76 1323 1549 
39.8 1.76 1321 1549 
39.6 1.75 1321 1542 
35.4 1.48 1193 1241 
35.7 1.50 3-l-93 1254 
36.0 1.51 1201 1274 

1684 -32.2 
1729 -32.2 
1678 -32.1 
1685 -32.1 
1459 -31 4 
1459 -31.4 
1453 -31.4 
1429 -31 * 3 
U O  -30.7 
lll.0 -30 0 7 
1103 -30.7 
803 -30 . 2 

806 -30.3 
826 -30.2 

Po = 29.41 in. Hg To = 6 1 ' ~  R e l .  Hum. = 37% 
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TABLE Va 
SUMMARY CYCLE DATA 

Nozzle : 12-CHUTE/PLUG 

GROUND STATIC 

Point .% C o r r .  
No. RPM - 
1 101.3 
2 96.4 
3 92.0 
4 96.0 
5 92.0 
6 88.1 
7 83.4 
8 79 .O 

4 2 P = 9.85 x 10 in/in 
0 

20.0 
19.3 
17 .O 
19.1 
17.0 
15.1 
13.1 
11.6 

2.13 
2.00 
1.65 
1.91 
1.62 
1.46 
1.32 
1.24 

To = 286 OK 

Test Date: 5-13-71 

T8’ OK VJ - m / s  

9 34 610 
849 659 
746 450 
833 5 38 
741 441 
690 379 
674 323 
668 284 

Rel. Hum. = 45% 

Flight 170 

Pass % Corr. 
No. RPM 

1 99.8 

- 

2 99.9 
3 100.1 
13 99.6 
4 94.3 

1 5 
6 
14 94.1 
7 90.1 

1 8 
9 
10 86.5 
11 86.5 

12 86.8 

FLIGHT 

91.4 131.1 21.7 
91.4 128.6 21.8 
88.4 128.6 21.7 
88.4 136.2 21.9 
91.4 131.1 20.5 

20.6 1 20.5 
136.2 20.5 
133.8 17.6 

18.1 
18.0 

89.9 16.1 
16.2 

16.3 

94.5 136.2 

91.4 136.2 

’T8”O 

2.33 
2.38 
2.31 
2.37 
2.13 
2.13 
2.11 
2.11 
1.76 
1.76 
1.75 
1.48 
1.50 

1.51 

Test Date: 5-14-71 

943 
95 2 
938 
940 
834 
834 
834 
829 
735 
734 
734 
662 

645 513 
656 527 
640 512 
650 514 
576 445 
576 445 
574 443 
572 436 
472 338 
472 338 
470 336 
470 245 

662 382 246 

666 388 252 

Rel. Hum. = 37% To = 289 OK 4 2 P = 9.96 x 10 in/in 
0 
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ACOUSTIC DATA REDUCTION - GROUND STATIC RUN-UP 

Data tapes from t h e  100 f t .  arc s ta t ic  measurements were reduced through 

a B&K 1/3 octave band p a r a l l e l  f i l t e r  analyzer. The output of t he  analyzer 

w a s  fed i n t o  an "analog t o  d i g i t a l "  converter from which a d i g i t a l  magnetic 

tape  w a s  generated. 

which cor rec ted  the  measured d a t a  t o  a standard day of 59"F, 70% relative 
humidity from i ts  as-measured l e v e l s  on the  non-standard measuring day. - 
Correction t o  a 77" F, 70% relative humidity, as prescribed by f ede ra l  reg- 

u l a t ion  FAR PART 36 f o r  subsonic a i r c r a f t  no ise  c e r t i f i c a t i o n ,  would not have 

a f fec ted  t h e  v a l i d i t y  of acous t ic  r e s u l t s  of t h i s  repor t .  Absolute noise  levels 

f o r  both s t a t i c  and f l i g h t  would have been s l i g h t l y  lower due t o  t h e  smaller 

d i f fe rences  i n  the  atmospheric absorption cor rec t ions  necessary t o  apply when 

cor rec t ing  the  measured day t o  a 77" standard day r a t h e r  than t o  a 59" standard 

day. 

comparison of suppressions l e v e l s  re ference  t o  the  base l ine  nozzle would have 

been only i n s i g n i f i c a n t l y  a l t e r e d .  

The d i g i t a l  t ape  w a s  then fed i n t o  a computer program 

Therefore, comparison of absolu te  levels between s t a t i c  and f l i g h t  and 

Correcting t h e  s t a t i c  d a t a  on the  100 f t .  a r c  t o  an acous t ic  standard day, 

r a t h e r  than leaving it on an as-measured day, is believed t o  make t h e  d a t a  more 

cons is ten t  f o r  comparisons. The cor rec t ions  applied are per t h e  SAE procedure 

f o r  evaluating atmospheric absorption changes i n  noise  levels with d i s t ance  as 

a function of meteorological conditions.  Industry recognizes t h a t  these  cor- 

r ec t ions  appear f a i r l y  v a l i d  and cons i s t en t  f o r  app l i ca t ion  t o  s h o r t  d i s tances ,  

such as f a r  f i e l d  arc s ta t ic  measurements and f l i g h t  measurements wi th  reasonably 

s h o r t  acous t ic  path lengths .  However, app l i ca t ion  t o  measurements taken over 

long d is tances  are believed t o  over co r rec t  the  da t a ,  p a r t i c u l a r l y  so  when the  

measuring day is q u i t e  meteorologically d i f f e r e n t  than the  standard acous t i c  day. 

Correction of t h e  ground s ta t ic  measured d a t a  t o  standard day is the re fo re  believed 

t o  be v a l i d  and necessary. Correction of f l i g h t  acous t ic  da ta  are described under 

ACOUSTIC DATA REDUCTION - nIGHT.  

Several anomalies ex i s t ed  i n  various portions of t h e  measured ground s ta t ic  

da ta  and made it  diverge from the  pure j e t  nokse idea ly  sought f o r  t h i s  study. 

The inf luence  of t hese  non-jet no ise  cont r ibu tors  w a s  eliminated as b e s t  poss ib l e  
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from the  100 f t .  arc da ta  before making f i n a l  OASPL and PNL ca l cu la t ions  on the  

a r c  and before ex t rapola t ing  the  a r c  d a t a  t o  the  300 f t .  s i d e l i n e .  The noise  

sources and influences are discussed ind iv idua l ly  as follows: 

Conical Ejec tor  Pure Tone 

The conical primary-cylindrical e j e c t o r  system, when s t a t i c a l l y  t e s t e d  

a t  engine speeds of approximately 94% and below, generated a pure tone center ing  1 .  

around 300 Hz frequency. 

t he  convergent por t ion  of t he  e j e c t o r  system is f e l t  t o  have produced a resonance 4 

a t  t h i s  frequency whenever t h e  primary nozzle became unchoked. See  Figure 8b. 

Run 147, po in ts  1, 7 and 2 a t  103.6, 102.9 and 98.3% correc ted  speed had no tone 

present.  See Table I and Ia .  A t  lower speeds, the  tone appeared and became 

more predominant as the  je t  noise  l e v e l  w a s  lowered. The tone w a s  then present 

i n  spec t r a  from a l l  seven measuring angles. 

as engine speed w a s  decreased. 

The cavi ty  between the  converging primary nozzle and 

The tone did not change frequency 

To co r rec t  t h e  1 / 3  octave spec t r a  l e v e l s  f o r  e l imina t ion  of pure tone 

cont r ibu t ion  the  d a t a  were reduced i n  10 Hz bandwidth narrowbands. This w a s  

necessary t o  gage the  magnitude of tone cont r ibu t ion  t o  the  broadband j e t  noise .  

This w a s  done f o r  Run 147 ,  po in ts  3 th ru  6 and 8 and is f e l t  t o  have accura te ly  

eliminated t h e  pure tone cont r ibu t ion  t o  the  t o t a l  no ise .  Correction magnitude 

t o  t h e  1 /3  octave band da ta  w a s  only several dB a t  t he  94.2% speed of point 

3 but increased t o  a range of 15 t o  20 dB a t  the  low speed s e t t i n g  of po in t  

8. A s  t he  tone w a s  of low frequency, minor incons is tenc ies  i n  i t s  removal 

are f e l t  would have no inf luence  on t h e  r e s u l t a n t  perceived noise  levels which 

are s t rongly  high frequency weighted. 

The pure tone, however, is not de t ec t ab le  i n  the f l i g h t  noise spec t r a  when 

searched f o r  a t  the  doppler s h i f t e d  frequency. 

i 
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585 Turbomachinery Tones 

585 turbomachinery pure tones w e r e  generated within t h e  10K Hz range of 

acous t ic  i n t e r e s t  when the  engine speed w a s  low. 

the  100 f t  arc were s u f f i c i e n t l y  high t o  cont r ibu te  t o  the  measured t o t a l  noise.  

This w a s  p a r t i c u l a r l y  t r u e  during test  of t he  segmented suppressor nozzles, when 

the  high frequency j e t  noise  levels w e r e  s u f f i c i e n t l y  suppressed t h a t  the  b lade  

passing tones overrode the  j e t  broadband noise  i n  cont r ibu t ing  to  t h e  t o t a l  

noise.  

16700 rpm. Reference t o  the  blading cha r t  i n  Figure 2 and consideration of 

t h e  engine speed range shows the  f i r s t  s t a g e  compressor r o t o r  capable of producing 

Their acous t ic  levels on 

The engine physical speed range during s ta t ic  runup ranged from 13000 t o  

blade passing frequencies from 6700 t o  8600 Hz. Thus, cont r ibu t ion  t o  the  

last  th ree  1 / 3  octave bands of jet noise  da t a  could have been and w a s  present.  

Stage 1 compressor had 31 blades. 

set t h e i r  b lade  passing frequencies above the  10K Hz 1 / 3  octave band. 

The high blade numbers of a l l  o the r  s t ages  

Generally the  cont r ibu t ion  t o  the  1 / 3  octave da ta  w a s  wi th in  a 3 t o  5 

dB range and usua l ly  loca l i zed  toward the  i n l e t  angles.  The maximum in t e r f e rence  

w a s  during test of t h e  64 spoke nozzle a t  low engine speed where broadband j e t  

noise w a s  suppressed. 

The cont r ibu t ion  of pure tone w a s  eliminated as b e s t  poss ib le  by lowering 

t h e  p a r t i c u l a r  1 / 3  octave band l e v e l s  wi th in  which the  tones occurred t o  where 

they w e r e  f e l t  t o  be equivalent t o  the  c h a r a c t e r i s t i c  broadband jet  noise  levels. 

575 a t  I d l e  - Background Noise 

During ground s ta t ic  and f l i g h t  t e s t i n g  i t  w a s  necessary t o  have the  575 

engine running a t  i d l e  f o r  operation of t he  recording system and f o r  f u e l  pressure  

t o  the  585 engine. 

a t  i d l e  (585 o f f )  w e r e  necessary t o  gage in t e r f e rence  with t h e  585 j e t  noise.  

Measurements w e r e  taken on seve ra l  d i f f e r e n t  test days and t h e  average spec t r a  

at  the  7 measuring s t a t i o n s  on the  100 f t .  arc are shown i n  Figures 16 through 

19. 

from each respec t ive  tes t  nozzle. 

Therefore, background noise measurements with only t h e  575 

These l e v e l s  were then compared ind iv idua l ly  t o  t h e  measured s p e c t r a  

For the  re ference  conica l  e j e c t o r  nozzle 
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e 585 AT 0% SPEED 
0 SPECTRA CORRECTED TO STANDARD DAY 
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t h e r e  w a s  no in t e r f e rence .  For the  annular plug nozzle, only minor in t e r f e rence  

a t  low engine speed occurred and w a s  r ead i ly  removed. I n  general ,  f o r  t he  th ree  

suppressed nozzles, no in t e r f e rence  occurred u n t i l  engine speeds i n  t h e  range of 

93 t o  90% and lower w e r e  set. 

at  angles of 40, 80, 110, and 120' t o  t he  i n l e t .  

i n t e r f e rence  w a s  generally f e l t  t o  be f a i r l y  accura te  as the  575 a lone  noise  

did not over-ride t h e  J85 je t  noise  and ind iv idua l  levels of cont r ibu t ion  

w e r e  d i sce rn ib l e .  

Low frequency in t e r f e rence  then occurred genera l ly  

Removal of t h i s  low frequency 

The only major in f luence  of t he  575 a t  i d l e  f o r  which co r rec t ion  w a s  f e l t  

t o  be inadequate occurred near the  i n l e t .  

passing pure tone which predominated the mid-frequency no i se  spec t r a  when 

operating the  585 suppressed nozzles a t  low engine speeds. 

a t  40" t o  i n l e t  angle as the  tone from the  long 575 i n l e t  w a s  f a i r l y  d i r e c t i o n a l .  

585 da ta  w i l l  be presented f o r  a l l  angles with levels adjusted as b e s t  poss ib le  

f o r  in te r fe rence ,  however, they w i l l  be q u a l i f i e d  as t o  accuracy. 

The 575 generated a d i s t i n c t  b lade  

This occurred only 

Cooling A i r  - Background Noise 

During ground tests of s eve ra l  of the  suppressed nozzle configurations,  t h e  

585 experienced an overheating problem which r e su l t ed  i n  a f i r e  warning l i g h t  i n  
t h e  cockpit  and immediate engine dece lera t ion  by the  p i l o t .  Overheating occurred 

due t o  poor secondary air c i r c u l a t i o n  around t h e  engine during static opera t ion ,  

only a t  high speed poin ts .  To circumvent t h i s  problem s o  t h a t  acous t i c  d a t a  could 

be acquired a t  high j e t  ve loc i ty ,  supplementary a i r  cooling, u t i l i z i n g  an a i r  

start cart, w a s  used. The start  c a r t  w a s  posit ioned on the  f a r  s i d e  of t h e  

a i r c r a f t  as seen i n  Figure 13  and the  a i r  supply run t o  the engine and d i r ec t ed  

through a pipe/nozzle as seen i n  Figure 3. During opera t ion ,  however, the  

cooling a i r  blowing through the  fixed nozzle generated high frequency noise  

which c rea ted  add i t iona l  i n t e r f e rence  t o  the  measured 585 j e t  spec t r a .  The 

a i r  cooling w a s  used only on the  32 spoke nozzle a t  88% speed and above (Run 181, 

po in ts  5, 6, 7 ,  and 8) and on the  12 chute nozzle a t  92% speed and above (Run 

168, po in ts  1, 2, and 3). So t h a t  magnitude of i n t e r f e rence  could be gaged 

and possibly removed from t h e  spec t r a ,  no ise  measurements w e r e  taken with t h e  

575 at i d l e  and with the  cooling a i r  blowing, bu t  with the  585 o f f .  These 

spec t r a  are presented f o r  each measuring angle i n  Figures 16 through 19. 

cooling a i r  background noise  is lower i n  the  high frequencies f o r  Run 181 as 

The 



the  cooling a i r  supply l i n e  w a s  s p l i t  i n t o  two hoses and ducted on each s i d e  of 

t he  engine,  thus lowering the  generated noise  and shadowing the  no i se  from t h e  

one nozzle with the  engine. 

A s  the  cooling air  w a s  necessary only a t  high speed where the bas i c  j e t  

noise  l e v e l s  were high, t h e  background noise  d id  not over-ride the  j e t  noise .  

Thus, i n t e r f e rence  levels could be reasonably gaged and co r rec t ions  made t o  

t h e  spec t r a  are f e l t  t o  be accura te  and adequate. 

I n  summary, a l l  of t he  ground s t a t i c  measured spec t r a  presented i n  t h i s  

r epor t  have been examined f o r  extraneous cont r ibu t ions  above the  bas i c  engine 

j e t  noise  l e v e l s .  Where i d e n t i f i e d ,  the  con t r ibu t ions  due t o  conical-ejector  

pure tone,  turbomachinery pure tone,  575 a t  i d l e  background and cool ing a i r  

background have been ex t rac ted  as bes t  poss ib l e  from t h e  t o t a l  no ise  t o  leave  

remaining only the  bas ic  engine j e t  noise  required f o r  t h i s  study. 

of cor rec t ions  and r e s u l t a n t  spec t r a  are f e l t  t o  be accura te  with the  exception 

of s eve ra l  areas. 

The magnitude 

o Predominance of 375 mid-frequency pure tone i n  the  40" i n l e t  angle  

measured spec t r a  f o r  suppressed nozzles  a t  low speed. 

o Broadband turbomachinery noise  con t r ibu t ion  a t  low engine speed, 

p a r t i c u l a r l y  a t  angles  near the  i n l e t  and f o r  the  suppressed nozzles .  

Its con t r ibu t ion  is not r e a d i l y  i d e n t i f i a b l e  and cannot be e a s i l y  

separated from the  t o t a l  noise .  

Areas of quest ionable  d a t a  w i l l  be qua l i f i ed  under d iscuss ion  of s ta t ic  

da ta .  

300 F t .  S ide l ine  Ext rapola t ion  

The ca lcu la ted  300 f t .  s i d e l i n e  s t a t i c  no ise  da t a  presented i n  t h i s  r epor t  

are extrapolated from t h e  100 f t .  arc cor rec ted  spec t r a .  The ex t r apo la t ion  is 

based on inverse  square l a w ,  extra ground a t t enua t ion  p e r  SAE A I R  923 ( r e f .  3 ) .  

and 59' F, 70% R/H standard day atmospheric absorpt ion per SAE ARP 866 ( r e f .  4 ) .  
The 300 f t .  s i d e l i n e  re ference  plane was chosen so  t h a t  the  d a t a  could be d i r e c t l y  

compared t o  the  measurements taken under the  f l i g h t  path f o r  the  300 f t .  a l t i t u d e  

f lyovers .  

f l i g h t  d a t a  a t  similar acous t i c  angles .  

Direct changes from s t a t i c  t o  f l i g h t  could then be gaged by comparing 
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PRESENTATION OF STATIC DATA 

32 Spoke/Plug 

64 Spoke/Plug 

12  Chute/Plug 

The bas i c  ground s ta t ic  d a t a  are presented  i n  t h i s  r e p o r t  i n  1 / 3  oc tave  

band s p e c t r a  form. 

s tandard  day and f o r  tones  and i n t e r f e r e n c e  as d iscussed  under ACOUSTIC DATA 

REDUCTION - GROUND STATIC RUN-UP. The 100 f t .  arc d a t a  w e r e  chosen f o r  

i n c l u s i o n  as they  are t h e  bas i c  measured d a t a  and can be used i n  any manner 

chosen t o  e s t a b l i s h  o the r  d a t a  r e fe rence  p lanes .  

t o  f r e e  f i e l d  as no set procedure f o r  c o r r e c t i o n  is accepted industry-wide. 

By present ing  t h e  d a t a  i n  non-free f i e l d  form and r e f e r r i n g  t o  the  a c o u s t i c  

s e tup  i n  Figure 1 2  f o r  c a l c u l a t i o n  of n u l l  and reinforcement  p o i n t s ,  each 

use r  of t h e  d a t a  can apply c o r r e c t i o n s  i n  h i s  own pre fe r r ed  manner. 

The d a t a  are co r rec t ed  t o  a 59O, 70% relative humidity 

The d a t a  are not  cor rec ted  
r" 

42 t o  48 49 50 51 52 

53 t o  59 60 61 62 63 

64 t o  70 71  72 73 74 
b 

I n  a d d i t i o n  t o  t h e  bas i c  s p e c t r a ,  OASPL and PNL d i r e c t i v i t y  p l o t s  are 

included a t  t h e  100 f t .  arc and 300 f t .  s i d e l i n e .  The 300 f t  s i d e l i n e  d a t a  

are ex t r apo la t ed  from t h e  non-free f i e l d  100 f t .  arc d a t a .  

The d a t a  are presented f o r  each nozzle  i n d i v i d u a l l y  per  t h e  fo l lowing  

t a b l e .  Refer t o  Tables  I through V f o r  i n d i v i d u a l  po in t  c y c l e  parameters.  
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0 CONICAL EJECTOR, RUN 147 

a CORRECTED TO STANDARD DAY 
a 120° REF. To INLET 

FIGURE 23 100 FT. ARC 585 GROUND STATIC SPECTRA, 
CONICAL EJECTOR 
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CONICAL EJECTOR 

d 57 



0 

0 CONICAL EJECTOR, RUN 147 

0 CORRFCTED TO STANDARD DAY 
0 80" REF. To INLET 

I 



n 

8 
0 
0 
0 

a, 
k 

. 
.. 

8 

e CONICAL EJECTOR, HUN 147 
e 40" REF. TO INLET 
e CORRECTED TO STANDARD DAY 

, . L . .  

. 4 . , .  

I 1 I 
i I I . .  _ . . .  

1 .  , .  _ _  . . ! 
i I 1 i I , & .  . . ,  I . ,  , . , , I  I , ,  

63 125 250 500 loo0 2000 4000 8Ooo 
FREQUENCY, HZ 

FIGURF: 26 100 FT. ARC 585 GROUND STATIC SPECTRA, 
CONICAL EJECTOR 

d 59 



ij 110 
0 

105 

100 

0 COlIyICAL 33JXCTOR, Hum 147 
0 CORRECTED TO STANDARD DAY 

4-0 80 110 120 130 14.0 150 
ACOUSTIC AmcLE REF. 'IIO XNLEZ', DEE- 

- 

G 

FIGUflE: 27 GROUND STATIC 100 FT. ARC OASPL DIRECTIVITY; 
CONICAL EJECTOR 

d 60 



0 CONICAL EJECTOR, RUN 147 
0 COFtREYX%D TO STANDARD DAY 

n 

140 

135 

130 

% u 
125 

Fl 
120 

i! 
8 
0 
0 
d 115 .. 
aJ 
k 

110 
$ 
2 140 
- 
PI 
W 

t 
w 
H 
M 130 
63 

8 
E 125 

E 120 

115 

110 
40 80 110 120 130 140 150 

ACOUSTIC ANGLE: REF. To I m T y  DEGREES 

FIGURF: 28 GROUND STATIC LOO FT. ARC PNL DIRECTIVITY; 
COIBICAL EJECTOR 

d 61 



% u 

i! 
cu 
0 
0 
0 
0 
. 
.. 
0: 

120 

115  

110 

105 

100 

95 

99 

85 

1 1 5  

110 

3-05 

100 

95 

90 

0 CONICAL EJECTOR, HUN 147 
0 CORRECTED TO STAHDARD DAY 

40 80 110 120 130 140 150 
ACOUSTIC ANGLE REF'. TO INLET, DEGREE3 

FIGURE 29 STATIC 300 FT* SIDEXINE OASPL DIRECTIVITY; 
CONICAL EJECTOR 

I 

. 

d 62 



0 CONICAL EJECTOR, RUN 147 
0 COREiECTED TO STANDARD DAY 

c 

40 80 u o  120 130 140 150 
ACOUSTIC ANGLE REF. To INLET, DEGREES 
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0 BASELINE ANNULAR PLUG, RUN 151 
e llOo REF. TO I W T  
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e WELINE ANNULAR PLUG, RUN 151 
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BASELINE m PLUG, RUN 151 
a COIIRECTED TO STANDARD DAY 
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e BASEZINE ANIWLAR PLUG, RUN 1 5 1  
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32 SPOKE/PLUG, RUN 180. & 181 
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m 32 SPOKE/PLUG, RUN 180 & 181 
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12 CHUTE/PLUG, RUN 168 
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12 CHUTE/PLUG, RUN 168 
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DISCUSSION OF STATIC DATA 

Sp)ectral Characteristics 

Examination of t he  gene ra l  s p e c t r a l  c h a r a c t e r i s t i c s  of t h e  f i v e  nozz le  

systems l eads  t o  a n  understanding as t o  t h e i r  gene ra l  no i se  c h a r a c t e r i s t i c s .  

The conica l -e jec tor  s p e c t r a  are t y p i c a l  of those  expected from a pure convergent 

nozzle  system as would be predic ted  a t  t h e  peak no i se  ang le ,  per  t h e  SAE 

procedure ( r e f .  2) .  The b a s e l i n e  annular  plug s p e c t r a  are similar t o  those  

of t he  con ica l  e j e c t o r  bu t  wi th  s l i g h t l y  g r e a t e r  high frequency con ten t  due 

t o  t h e  annular  d i scha rge  of j e t  flow. The 32 and 64 spoke suppressor  nozz les  

have t h e  c h a r a c t e r i s t i c  double  hump s p e c t r a  t y p i c a l  of h ighly  segmented spoke 

o r  tube  nozz les  wi th  compacted spacing.  

a t t r i b u t e d  t o  t h e  ind iv idua l  segmented jets.  The low frequency hump i s  charac- 

t e r i s t ic  of t h e  coalesced j e t  r eg ion ,  being lower i n  level,  as t h e  t o t a l  mixing 

r eg ion  of t h e  coalesced j e t  is  s h o r t e r  than  t h a t  of a non-segmented convergent 

nozzle  je t  stream. 

shape; q u i t e  low l e v e l  i n  t h e  lower frequency range but  high level i n  t h e  

high frequency range. The l a r g e  spacing between lobes  (Area Ra t io  = 3)  al lows 

f o r  predominance of t h e  no i se  generated by t h e  ind iv idua l  j e t s  i n  the  high 

frequency reg ion  be fo re  coalescence i n t o  a s i n g l e  stream. The merged jet  

low frequency n o i s e  con t r ibu t ion  is low s i n c e  t h e  major p a r t  of t u rbu len t  

mixing and v e l o c i t y  decay is complete before  coalescence.  The remaining reg ion  

of t u rbu len t  mixing, which gene ra t e s  low frequency no i se ,  is q u i t e  shortened 

compared t o  a convergent nozz le  j e t  stream. Thus, suppression is r e a l i z e d  

from segmented nozz les  not only due t o  t h e  lower low frequency noise  c h a r a c t e r i s t i c  

of t h e  s h o r t e r  mixing l eng th  bu t  p r imar i ly  due t o  f a s t  decay rates of h igh  

frequency no i se  wi th  d i s t ance .  

The h igh  frequency s p e c t r a  hump i s  

The 12  chute /p lug  nozzle  has  a d i s t i n c t l y  d i f f e r e n t  s p e c t r a  

D i r  e c  t i v i  t y 

A s  is seen from t h e  100 f t  arc OASPL and PNL d i r e c t i v i t y  p l o t s ,  t h e  peak 

no i se  on the  measuring arc g e n e r a l l y  occurs  q u i t e  near  t h e  j e t  exhaust .  I n  some 

ins t ances  t h e  peak occurred c l o s e r  than t h e  l o c a t i o n  of t he  150" microphone 

and w a s  not measured. This  is  seen from t h e  d i r e c t i v i t y  p l o t s  of t h e  c o n i c a l  

e j e c t o r ,  F igures  27 and 28, b a s e l i n e  annular  plug,  F igu res  38 and 39, and t h e  

108 



32 spoke/plug, F igures  49 and 50;  p a r t i c u l a r l y  on OASPL. 

are ext rapola ted  t o  t h e  300 f t .  r e f e rence  s i d e l i n e ,  t h e  longer  pa th  l eng ths  a t  

shal low ang les  have g r e a t e r  n o i s e  a t t e n u a t i o n .  Th i s  gene ra l ly  changes t h e  

angular  l o c a t i o n  of peak noise .  Therefore ,  t h e  300 f t .  s i d e l i n e  d i r e c t i v i t y  

p l o t s  con ta in  t h e  peak no i se  f o r  a l l  t h e  nozzles .  General ly  t h e  angular  s h i f t  

from arc t o  s i d e l i n e  is from 10' t o  30" away from t h e  j e t  exhaust axis, t h e  

suppressor  nozz les  s h i f t i n g  more due t o  the  g r e a t e r  conten t  of h igh  frequency 

nois+.  

A s  t h e  arc measurements 

B 

Data V a l i d i t y  

Examining the  t r e n d s  of j e t  no i se  OASPL and PNL d i r e c t i v i t y  sugges ts  t h a t  

near  t h e  i n l e t  t h e  n o i s e  measurements are no longer  585 pure j e t  b u t  are 

inf luenced by t h e  575 turbomachinery noise .  A s  d i scussed  under ACOUSTIC DATA 

.REDUCTION - GROUND STATIC RUN-UP t h e  575 a t  i d l e  generated a predomfnant b lade  

passing tone.  

s p e c t r a  a t  t h e  40" i n l e t  measuring s t a t i o n .  

t h e  j e t  s p e c t r a ,  t h e  magnitude of i n t e r f e r e n c e ,  and thus  level of c o r r e c t i o n ,  

could no t  be a c c u r a t e l y  e s t a b l i s h e d .  

s t a t i o n  are t h e r e f o r e  ques t ionable  a t  low 585 engine speeds,  p a r t i c u l a r l y  

f o r  t h e  32 and 64 spoke nozz les  and the  12 chute  nozz le .  

t h e  585 n o i s e  is  bel ieved t o  have masked t h e  575 tone and produced v a l i d  

spec t r a .  

It w a s  q u i t e  d i r e c t i o n a l  and h ighly  inf luenced t h e  mid frequency 

A s  t h e  tone  c o n t r i b u t i o n  overrode 

The no i se  levels a t  t h e  40" t o  i n l e t  

A t  h igh engine speed, 

Peak Noise and Suppression Versus Jet Veloc i ty  

F igures  75 and 76 presen t  t he  peak arc normalized OASPL and PNL as a 

func t ion  of j e t  v e l o c i t y .  

e j e c t o r  nozzle.  

l i n e  da t a .  

arc t o  t h e  s i d e l i n e  due t o  s h i f t s  i n  peak no i se  l o c a t i o n s .  I n  gene ra l  t h e  

suppression levels a t t a i n e d  are f a i r l y  similar t o  magnitudes a n t i c i p a t e d  i n  

t h i s  j e t  v e l o c i t y  reg ion ,  

of F igure  78 t o  t hose  a n t i c i p a t e d  from model measurements of F igure  6 are shown 

i n  Figure 79.  

on a pure j e t  h o t  f low f a c i l i t y  and sca led  t o  585 engine s i z e .  

Suppressions are a l s o  shown, re ferenced  t o  t h e  c o n i c a l  

F igures  77 and 78 are the  same type p l o t s  f o r  t h e  300 f t .  s ide-  

Suppression levels and t r ends  are seen  t o  change s l i g h t l y  from t h e  

Comparison of 300 f t .  s i d e l i n e  PNL suppress ion  levels 

The model measurements were on similar scale model hardware t e s t e d  

Suppression levels 
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a t t a ined  on the  engine are seen t o  be s l i g h t l y  g r e a t e r  i n  the  high v e l o c i t y  

region and considerably higher i n  the  low ve loc i ty  region.  For a l l  but the 

base l ine  annular plug nozzle  the  a t t a ined  suppression l e v e l s  are cont inuing 

t o  rise wi th  je t  v e l o c i t y ,  not a t t a i n i n g  t h e i r  maximum suppression range 

wi th in  t h e  585 m a x  d ry  v e l o c i t y  range. This is as an t i c ipa t ed  from the model 

measurements which exhibi ted peak suppression i n  t h e  2200 t o  2500 f t / s e c  je t  

ve loc i ty  range when spec t r a  were scaled t o  a l a r g e r  t u r b o j e t  engine s i z e .  

See Figure 5. 

un less  d e t a i l s  of individual ,  spec t ra  are examined between the engine and model 

The higher suppression a t  low v e l o c i t y  cannot r e a d i l y  be explained 

measurements. 

Conical Ejec tor  - Comparison t o  SAE Predic t ion  

A s  one of the  study goa ls  w a s  t o  v e r i f y  the  SAE a p p l i c a b i l i t y  t o  p red ic t ion  

of non-suppressed j e t  peak noise ,  the  ground s ta t ic  peak normalized OASPL and 

PNL d a t a  f o r  t he  conical-ejector  are compared t o  SAE pred ic t ions  i n  Figure 80. 

The b red ic t ions  were made using the  585 measured cyc le  parameters and the  SAE 

predic t ion  procedure and ex t r apo la t ing  t o  the  300 f t .  re fe rence  s i d e l i n e .  

measured OASPL and PNL va lues  are under t h e  predicted l e v e l  a t  high jet v e l o c i t y  

and over t h e  predicted level a t  low j e t  ve loc i ty .  

Peak 

The measurements suggest a 

shallower s lope than t h a t  prescr ibed by SAE. The s lope  of t h e  OASPL curves on 

the  300 f t . s i d e l i n e  are V8*' f o r  SAE and V 7 O o  f o r  t he  585. 

V g o 7  and V 

The PNL curves have 
7.1 s lopes ,  r e spec t ive ly ,  f o r  SAE and measured. 

Comparisons of predicted spec t r a  t o  measured spec t ra  a t  the  peak OASPL and 

PNL angles  are shown i n  Figure 81. 

ve loc i ty  a t t a ined  wi th  con ica l  e j e c t o r .  

should be predicted several dB high, due t o  t h e  lower measured levels a t  the  peak 

frequencies ,  and t h a t  t he  peak PNL should only be predicted s l i g h t l y  h igher ,  

due 'to near agreement i n  the  region of high frequency. 

lower p a r t  of Figure 81 are f o r  t he  lowest j e t  v e l o c i t y  point  with t h e  con ica l  

e j ec to r .  

due t o  the  genera l ly  higher measured spec t r a  shape. The shape of t he  measured 

spec t r a  a t  high frequency may i n d i c a t e  t h a t  broadband turbomachinery noise  

could be s i g n i f i c a n t  i n  the low speed measurements of the  585. 

The upper spec t r a  are f o r  t he  highest  jet  

They v e r i f y  t h a t  the  peak OASPL 

The spec t r a  i n  the  

They show t h a t  both peak OASPL and PNL should be under-predicted 

The turbomachinery 
I 
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blade  passing tones have been co r rec t ed  f o r ,  as d iscussed  under ACOUSTIC DATA 

REDUCTION - GROUND STATIC RUN-UP; however, broadband turbomachinery n o i s e  is  

less r e a d i l y  i d e n t i f i e d .  

be e a s i l y  removed from the t o t a l  measured noise .  

Its c o n t r i b u t i o n  t o  t h e  pure je t  n o i s e  component cannot 

Figure 82 is  a check on the  magnitude of high frequency divergence from 

t h e  convent ional  pure j e t  s p e c t r a .  Model measurements from a pure j e t  ho t  f low 

f a c i l i t y  test on a convergent primary nozz le  are compared t o  t h e  585 c o n i c a l  

e j e c t o r  measurements. When p l o t t e d  on a S t rouha l  Number b a s i s  ( ( f requency x diam- 

eter)/ jet  v e l o c i t y ) ,  low and high v e l o c i t y  pure je t  s p e c t r a  should ag ree  w e l l .  

By comparing t h e  model and engine s p e c t r a  (See Table I, Run 147, P o i n t s  1 and 5) i t  

is seen t h a t  h igh  frequency no i se  at low engine  speed is cons iderably  above the 

, 

model da t a .  I n i t i a l  r e a c t i o n  i s  t o  a s s i g n  the  d i f f f e r e n c e s  t o  engine broadband 

turbomachinery noise .  However, several o the r  f a c t o r s  could have been p a r t i a l l y  

r e spons ib l e ;  such as: a) d i f f e r e n c e  i n  level of i n i t i a l  tu rbulence  w i t h i n  t h e  

engine exhaust compared t o  the  model f a c i l i t y ,  and var.iance of tu rbulence  wi th  

engine speed, o r  b) vary ing  r e f l e c t i o n  p a t t e r n s  from t h e  a i r c r a f t  and wing as t h e  

prime je t  no i se  gene ra t ion  reg ion  changed wi th  engine speed, compared t o  a non- 

i n s t a l l e d  model conf igu ra t ion .  

The presence of g r e a t e r  than  a n t i c i p a t e d  h igh  frequency no i se  can t h e r e f o r e  

not  t o t a l l y  be ass igned  t o  engine r o t a t i n g  machinery. It seems t o  be a consider-  

a t i o n  only a t  low engine speed, and cau t ion  should be exerc ised  i n  a p p l i c a t i o n s  

of t h e  low v e l o c i t y  ground s ta t ic  d a t a .  

engine speed would have similar turbomachinery noipe,  conclus ions  from the  

s tudy would not be inva l ida t ed .  

As f l i g p t  measurements a t  t h e  same 

Free F ie ld  Correc t ion  E f f e c t  on Suppression 

The ques t ion  arises as t o  what e f f e c t  ground plane i n t e r f e r e n c e  has  on 

suppress ion ,  p a r t i c u l a r l y  t h a t  of segmented nozzles .  I f  c a n c e l l a t i o n s  

and reinforcements  could s i g n i f i c a n t l y  i n t e r f e r e  wi th  t h e  double  humped s p e c t r a  

i n  t h e  areas of high noy weight ing,  perhaps PNL suppress ion  would be changed. 

To i n v e s t i g a t e  t h e  d i f f e r e n c e s ,  t h e  100 f t .  arc measured d a t a  were co r rec t ed  t o  

f r e e  f i e l d  per  t h e  t h e o r e t i c a l  methods descr ibed  i n  r e fe rences  5 - 8, us ing  t h e  

concre te  as a hypo the t i ca l  p e r f e c t  r e f l e c t o r .  The arc d a t a  were then aga in  

ex t r apo la t ed  t o  t h e  300 f t .  r e f e rence  s i d e l i n e .  Peak normalized PNL levels and 
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suppress ions  from t h e  f r e e  f i e l d  d a t a  are presented  i n  F igure  83. 

t o  F igure  78 ,  PNL suppress ion  us ing  non-free f i e l d  d a t a ,  changes i n  a t t a i n e d  

suppression are i n s i g n i f i c a n t .  When comparing s ta t ic  s p e c t r a  t o  f l i g h t  d a t a ,  

f r e e  f i e l d  c o r r e c t i o n s  are necessary  due t o  t h e  d i f f e r e n t  measurement geometry. 

When compared 

d 

I 

120 



300 FT SIDELINE 
0 DATA CORRECTED TO ST-D DAY & TO FREE FDEU 

v 

FT/SEC 750 lo00 1250 1500 1750 2000 2250 

M/SEC 250 300 350 400 450 500 550 600 650 
i I 1 1 I I I 1 I 

m VH;ocm j VJ 

FIGURE 83 GROUKD STATIC 300 FT SIDELINE PEAK PNL LEVXLS & 
SUPPRESSIOMS DATA CORREKZED TO FREE FIETJ) 

121 



ACOUSTIC DATA REDUCTION-FLIGHT 

The f lyby  d a t a  r educ t ion  w a s  performed us ing  a General Radio 1 / 3  oc tave  

band real t i m e  ana lyzer ,  type  1921,  which employed analog f i l t e r i n g  and d i g i t a l  

d e t e c t i o n .  

1 /8  second i n t e g r a t i o n  t i m e  was chosen, i n  l i e u  of t h e  FAR PART 36 prescr ibed  

1 / 2  second f o r  a i r c r a f t  type  c e r t i f i c a t i o n .  

t i m e  per iod of t h e  no i se  w i t h i n  10 dB down from peak, r e s u l t i n g  from low a l t i t u d e  

and h igh  a i r c r a f t  speed. 

c lock  t o  provide a c c u r a t e  and c o n s i s t e n t  i n t e g r a t i o n  times. The c lock  a l s o  allowed a 

t h e  start of t h e  f i r s t  i n t e g r a t i o n  per iod a t  a n  even 1/8 second real t ime i n t e r v a l .  

I n  o rde r  t o  have su f f i c i ex i t l y  d e t a i l e d  d a t a  f o r  a n  a n a l y t i c a l  s tudy ,  

This  w a s  necessary due t o  t h e  s h o r t  

... 

The i n t e g r a t i o n  pe r iods  were con t ro l l ed  by a n  e x t e r n a l  

Actual  i n t e g r a t i o n  t ime w a s  set a t  .118 second. The analyzer  then  r equ i r ed  

a minimum of 2.5 mil l i s econds  dump t i m e  t o  t r a n s f e r  i t s  .118 second of 1/3 oc tave  

d a t a  sampling i n t o  t h e  computer memory. Af te r  t h e  d a t a  dump, approximately 4.5 

mil l i s econds  of dead t i m e  passed p r i o r  t o  s t a r t i n g  t h e  next  d a t a  sampling per iod .  

Therefore ,  con t ro l l ed  i n t e r v a l s  of e x a c t l y  .125 seconds between d a t a  samples 

allowed no accumulated time e r r o r  as t h e  ana lyzer  worked its way through t h e  

complete record ing  of t h e  a i r c r a f t ' s  pass .  

The d a t a  r educ t ion  ana lyzer  l oca t ed  t h e  1/8 second i n t e r v a l  of peak 

OASPL and then  s to red  t h e  peak p l u s  39 d a t a  sets p r i o r  t o  and 40 d a t a  sets a f t e r  

t h e  peak. Thus, 80 sets of 1/8 second i n t e g r a t e d  s p e c t r a  were a v a i l a b l e  and 

p r i n t e d  out  i n  1/3 OBSPL form. Also p r in t ed  were t h e  measured OASPL and t h e  

c a l c u l a t e d  PNL, PNLT and EPNL levels. Th i s  w a s  more than  s u f f i c i e n t  t o  d e f i n e  

t h e  10 dB down from peak range and f o r  comparing f l i g h t  d a t a  t o  matching 

ground s t a t i c  measurements a t  t h e  f ixed  microphone l o c a t i o n s .  The i n i t i a l  

d a t a  reduct ion  w a s  "as-measured", co r rec t ed  only f o r  system response and 

deetnphasis ; not  cor rec ted  t o  s tandard  a c o u s t i c  day. Punched paper t apes  of 

t h e  d a t a  w e r e  a l s o  produced. 

Exact c lock  t i m e  f o r  t h e  start of i n t e g r a t i o n  w a s  known from t h e  recorded 

real t i m e  code s i g n a l  and w a s  p r in t ed  out  wi th  t h e  s p e c t r a .  Since t h e  e x t e r n a l  

c lock  t r igge red  i n t e g r a t i o n  each 1/8 second, cumulative real t i m e  w a s  ass igned  

t o  success ive  d a t a  sets. 
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By simultaneously reducing t h e  400 Hz v o l t a g e  p u l s e  b l i p  and t h e  real  

t i m e  code s i g n a l ,  t h e  overhead a i r c r a f t  t i m e  w a s  e s t ab l i shed .  The a c o u s t i c  

speed of sound, based on t h e  c o n t r o l  tower 's  measurement of T 

a i r c r a f t  a l t i t u d e  were then used t o  mate t h e  overhead t i m e  t o  t h e  reduced 

and t h e  0' 

a c o u s t i c  d a t a .  

d a t a  set, t h e  only remaining inpu t  w a s  a i r c r a f t  f l i g h t  v e l o c i t y .  Angular l o c a t i o n  

w a s  requi red  t o  compare f l i g h t  d a t a  t o  ground s ta t ic  noise .  

a long wi th  c o r r e c t i o n  of t h e  d a t a  t o  s tandard  day,  300 f t .  a l t i t u d e  and c o n s i s t e n t  

f l i g h t  speed, w a s  done through t h e  use  of a high speed computer. 

To a s s i g n  a c o u s t i c  ang le s  of n o i s e  gene ra t ion  t o  each i n t e g r a t e d  

Angular assignment,  

Accuracy of A i r c r a f t  Overhead Locat ion 

To e l imina te  chance of major e r r o r  and t o  average i n c o n s i s t e n c i e s  i n  

a i r c r a f t  overhead pos i t i on ing  due t o  human judgement, a procedure w a s  i n t r o -  

duced t o  check d a t a  r e p e a t a b i l i t y .  The as-measured d a t a  were reduced ve r sus  

t i m e  and PNL-time h i s t o r i e s  were p l o t t e d  f o r  each f lyby .  For r e p e a t  passes  

(normally t h r e e )  a t  t h e  same engine speed, t h e  p l o t s  were compared. Locat ion 

of peak noise  p l u s  the  r i te of decay,  or curve shape ,  gave a n  e x c e l l e n t  check 

on r e p e t i t i o n  of overhead b l i p  assignment.  Most d a t a  sets agreed w e l l ,  bu t  

f o r  several sets an  average overhead time w a s  ass igned .  For t h e  f i r s t  f i v e  

passes  of F l i g h t  170, where no b l i p  w a s  recorded,  t h e  overhead time w a s  

ass igned d i r e c t l y  from r e p e t a t i v e  f lyove r s  a t  similar engine speeds,  

t h e  d a t a  proved t o  be q u i t e  c o n s i s t e n t .  

a i r c r a f t  overhead l o c a t i o n  w a s  f e l t  t o  be adequate ly  accu ra t e .  

Overall, 

For t h e  purpose of t h i s  s tudy ,  t h e  

"DRAFT" P rocess ing  

When comparing d a t a  and e s t a b l i s h i n g  suppression levels,  i t  is normal 

p r a c t i c e  t o  c o r r e c t  measurement t o  a c o n s i s t e n t  base  of r e fe rence  o r  s tandard  

a c o u s t i c  day. 

s tandard  meteoro logica l  cond i t ions  and magnitudes of t h e o r e t i c a l  atmospheric 

absorp t ion  va lues  w e r e  q u i t e  above those  f o r  s tandard  day. S l i g h t  va r i ances  

i n  r e p e t i t i v e  f l i g h t  a l t i t u d e s  changed t h e  a c o u s t i c  p a t h  l eng ths  from t h e  n o i s e  

genera t ion  source  t o  t h e  microphone. 

Severa l  of t h e  f l i g h t  measuring days v a r i e d  cons iderably  from t h e  

F l i g h t  speed a l s o  changed from pass  t o  



pass  causing d i f f e r e n c e s  i n  PNLT h i s t o r i e s  which s l i g h t l y  e f f e c t  t h e  EPNL 

c a l c u l a t i o n s .  To c o r r e c t  a l l  d a t a  t o  c o n s i s t e n t  a l t i t u d e ,  f l i g h t  speed and 

s tandard  day,  each pass  w a s  processed through t h e  DRAFT (Data Reduction-Acoustic 

F l i g h t  T e s t )  computer program u t i l i z i n g  a h igh  speed computer. 

i npu t s  are the  punched d i g i t a l  t ape  conta in ing  t h e  80 sets of 1 / 3  oc tave  band 

d a t a  and real t i m e  of d a t a  r educ t ion ,  a i r c r a f t  measured speed and a l t i t u d e ,  

a i r c r a f t  overhead t i m e  and measurfng day meteoro logica l  cond i t ions .  

t o  F igure  8ri, t h e  program procedure is as fo l lows:  

The program 

Refer r ing  

o Using a l t i t u d e ,  a i r c r a f t  speed, speed of sound, overhead t i m e  and 

i n t e g r a t i o n  s ta r t  t i m e ,  t h e  a i r c r a f t  l o c a t i o n  a t  t h e  t i m e  of n o i s e  

genera t ion ,  corresponding t o  each 118 second of received d a t a ,  is  

ca l cu la t ed .  The p o s i t i o n  of t h e  a i r c r a f t  is  ass igned  a n  a c o u s t i c  

ang le  of 8 at  t h e  Bnd of a 1/8 second received i n t e r v a l  of d a t a .  

This  a c o u s t i c  angle  is referenced  t o  t h e  engine i n l e t  and is  t h e  

ang le  between t h e  s t r a i g h t  l i n e  from t h e  source t o  the  microphone 

and t h e  engine c e n t e r l i n e .  The a c o u s t i c  pa th  l eng th  and o f f s e t  

d i s t a n c e  from t h e  overhead l o c a t i o n  are a l s o  ca l cu la t ed .  

angle ,  def ined  as t h e  a c t u a l  angular  l o c a t i o n  of t h e  a i r c r a f t  a t  

t he  t i m e  of no i se  r ecep t ion  a t  t h e  microphone, i s  a l s o  ca l cu la t ed  

by t h e  program, however, t h e  a c o u s t i c  angle  is  more meaningful and 

w i l l  be used f o r  a l l  d a t a  p l o t s .  

The s i g h t  

o Using t h e  SAE procedure f o r  atmospheric absorp t ion  c o r r e c t i o n  ( r e f .  4 ) ,  
t h e  d i f f e r e n c e s  between t h e  measured day and s tandard  day (59' F 

and 70% R.H.) are ca l cu la t ed  f o r  t h e  a c o u s t i c  pa th  l eng th  a t  t h e  

assigned ang le  8 .  These are appl ied  t o  t h e  measured d a t a  a t  t h e  

measured a l t i t u d e .  

o Considering t h e  d i f f e r e n c e  between measured a l t i t u d e  and 300 f t .  

s tandard  a l t i t u d e ,  t h e  change i n  a c o u s t i c  pa th  l eng th  i s  ca l cu la t ed  

by p r o j e c t i o n  along phe a c o u s t i c  angle .  Because of t h e  change i n  

t h e  a c o u s t i c  pa th  l eng th ,  t h e  s p e c t r a  are a l s o  cor rec ted  by us ing  

t h e  inve r se  square  l a w  and s tandard day atmospheric absorp t ion .  

Using the  cor rec ted  s p e c t r a ,  new va lues  of OASPL, PNL, and EPNL 

are c a l c u l a t e d .  ( r e f .  4 and 9)  

6!! c 
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o Using t h e  300 f t .  a l t i t u d e  l o c a t i o n s  f o r  t h e  progress ion  of a c o u s t i c  

a n g l e s ,  Ax' va lues  between a c o u s t i c  a n g l e  i n t e r s e c t i o n  p o i n t s  

are known. Using t h e  s tandard  a i r c r a f t  v e l o c i t y  of 438 f t / s e c ,  

A t '  va lues  a r e  ass igned t o  each A x ' .  By accumulating A t '  v a lues  

from the  s t a r t  of i n t e g r a t i o n ,  t h e  new t i m e  scale i s  set f o r  t h e  

e n t i r e  a i r c r a f t  passage. This  r e p r e s e n t s  t h e  a c t u a l  time occurance 

had t h e  f lyover  been a t  300 f t .  a l t i t u d e  and 438 f t / s e c .  The 

new time s c a l e  wi th  t h e  co r rec t ed  PNLT va lues  are then  used t o  

c a l c u l a t e  a co r rec t ed  EPNL value .  

o S i d e l i n e  microphone d a t a  are co r rec t ed  i n  t h e  same manner. The 

computer program incorpora t e s  t h e  o f f s e t  d i s t a n c e  and handles  t h e  

more complex geometry of t he  s i d e l i n e  microphone. 

The a c o u s t i c  ang le s  set  by t h e  DRAFT program are re ferenced  t o  t h e  air- 

c r a f t  i n  l e v e l  f l i g h t ,  without  i nco rpora t ion  of t h e  ang le  of a t t a c k  t o  f l i g h t  

pa th  o r  engine mount angle .  F igure  14 shows a r e s u l t a n t  2-112' ang le  between 

engine c e n t e r l i n e  and l e v e l  f l i g h t  pa th  or  h o r i z o n t a l .  For comparison t o  

ground s t a t i c  d a t a ,  t h i s  r e s u l t a n t  angle  must be cons idered .  For example, 

t h e  ground s t a t i c  f ixed  l o c a t i o n  of 150" would be  compared t o  147.5' i n  

f l i g h t .  Since t h i s  f l i g h t  ang le  w i l l  probably no t  occur a t  t h e  exac t  end of 

a 118 second d a t a  se t ,  t h e  next  h igher  ass igned f l i g h t  ang le  should be chosen. 

Thus, i f  a c o u s t i c  f l i g h t  angles  of 141 '  and 149' were assigned t o  consecut ive  

1 / 8  second d a t a  s e t s ,  the la t te r  set would be chosen f o r  comparison t o  t h e  

s t a t i c  l o c a t i o n .  Its d a t a  w e r e  generated from a c o u s t i c  s i g n a l s  between 

141' and 149'. 
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In f luence  of Correct ing F l i g h t  Data t o  Standard Day 

A s  d i scussed  under ACOUSTIC DATA REEVCTIOY - GTIOZTIID ST4TIC RUB-UP, it 
i s  u s u a l l y  considered t h a t  c o r r e c t i n g  a c o u s t i c  measurements t o  a chosen s t anda rd  

day makes t h e  d a t a  more c o n s i s t e n t  f o r  comparison and a n a l y s i s .  The c o r r e c t i o n s  

are f e l t  t o  be f a i r l y  a c c u r a t e  f o r  measurement c o n d i t i o n s  which are no t  extremely 

d i f f e r e n t  than s t anda rd  day and which are app l i ed  Over r e l a t i v e l y  s h o r t  a c o u s t i c  

p a t h  l eng ths .  App l i ca t ion  t o  measurements taken over long d i s t a n c e s  are f e l t  

t o  over-correct  t h e  d a t a ,  p a r t i c u l a r l y  when t h e  measuring c o n d i t i o n s  are q u i t e  

m e t e o r o l o g i c a l l y  d i f f e r e n t  than the s t anda rd  a c o u s t i c  day. 

The app l i ed  c o r r e c t i o n s  t o  f l i g h t  d a t a  are of s u f f i c i e n t  magnitude t o  

a l ter  f i n a l  a b s o l u t e  suppression l e v e l s  (but  n o t  conc lus ions )  when compared t o  

as-measured d a t a  l e v e l s .  For measurements under t h e  f l i g h t  p a t h ,  where a c o u s t i c  

p a t h  l e n g t h s  are no t  extremely long, both as-measured and c o r r e c t e d  d a t a  are 

p resen ted .  A t  s i d e l i n e ,  only as-measured d a t a  are p resen ted ,  as abso rp t ion  

c o r r e c t i o n s  f o r  t h e  longer  p a t h  l eng ths  proved excess ive .  

The major i n f luence  is not path l e n g t h  i n  i t s e l f ,  but t h e  wide divergence 

from standard day under which no i se  measurements were taken. Table  V I  i s  

included t o  show t h e  magnitudes of atmospheric a b s o r p t i o n  p r e s c r i b e d  by 

SAE ARP 866 (ref. 4 ). 
t h e  1 0  KHz band. The c o n i c a l  e j e c t o r  measuring c o n d i t i o n s  came c l o s e s t  t o  -- 

s t anda rd  w i t h  t h e o r e t i c a l  abso rp t ion  of 38 dB. The most extreme case, f o r  

t h e  64 spoke test ,  is  57.7 dB. The magnitude of c o r r e c t i o n  t o  app ly  is t h e  

d i f f e r e n c e  between measured and s t anda rd ,  pro-rated over t h e  a c t u a l  a c o u s t i c  

path l eng th .  

The s tandard day a b s o r p t i o n  is 27 dB pe r  1000 f t  i n  

Since t h e  c o r r e c t i o n s  are s i g n i f i c a n t  only i n  t h e  high frequency bands, 

PNL l e v e l s  from the  low frequency dominated s p e c t r a  of t h e  c o n i c a l  e j e c t o r  

and annu la r  plug are not  appreciably changed. The s p e c t r a  of segmented 

nozz le s ,  p a r t i c u l a r l y  of t h e  3 2  and 64 spoke, are high frequency dominated and 

ove r -co r rec t ing  induces e r r o r  i n  PNL v a l u e s .  

A s  i n d i c a t e d ,  magnitudes of suppression d e l t a s  are somewhat changed by 

c o r r e c t i n g  t o  s tandard day; s i g n i f i c a n t  r e s u l t s  are n o t .  The re fo re ,  both 

sets of d a t a  are presented f o r  measurements under t h e  f l i g h t  pa th .  

comparing f l i g h t  t o  s t a t i c ,  corrected d a t a  w i l l  be used.  The d a t a  presented 

as-measured" is  a l s o  no t  corrected t o  c o n s i s t e n t  300 f t  a l t i t u d e .  A check 

When 

I 1  

of t o t a l  c o r r e c t i o n  magnitudes,  however, has  shown t h a t  c o r r e c t i o n s  f o r  

a l t i t u d e  v a r i a t i o n s  are ve ry  minor when compared t o  those  f o r  atmospheric 

abso rp t ion .  
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TABLE VI 
TOTAL ATMOSPHERIC ABSORPTION VALUES FOR FLIGHT 

MEASURED C STANDARD DAY 

- 
67 

Flight 

Po, in. Hg 
. .. 

To, OF 
% Rel. Hum. 

./3 Octave Band 
:enter Frequency, Hz 

45 39 37 37 I 70 
! 

1000 

1250 

1600 

2000 

2500 

3150 

4000 

5000 

6300 

8000 

10000 

64 Spoke 12 Chute 

170 I Stand. Day 
29.41 29.92 

Total Atmospheric Absorption, dB / 1000 ft.* 

1.3 
1.8 

2.6 

3.6 

5.0 

7.2 

10.6 

12.6 

18.3 

26.8 
38.0 

3.0 
4.2 

6 .O 
8.3 

11.4 
15.7 

21.6 

23.8 

30.1 

37.8 

45.5 

2.4 

3.4 

5.0 

7.1 

9.9 

14.0 

19.8 

23.0 

31.8 

44.0 

55.6 

2.3 

3.3 

4.9 
7 .O 
9.9 
14 .O 
19.8 

23.0 

31.9 

44.3 

57.7 

1.7 

2.3 

3.3 
4.6 

6.5 

9.5 

L3.9 

16.5 

23.8 

34.6 

$8.7 

1.5 
1.8 

2.4 

3.0 

4.0 
5.5 

7.7 

9.1 

12.9 

18.8 

27 .O 

: 

* Per SAE ARP 866 (ref. 4) 



575 F l igh t  Idle-Background Noise 

The 575 was  required t o  run a t  i d l e  during f l i g h t  f o r  operation of t h e  

da t a  recorder and t o  supply f u e l  pressure t o  the  585, j u s t  as it was f o r  ground 

s t a t i c  t e s t i n g .  Therefore, f l i g h t  i d l e  background noise  measurements were 

taken with the  585 o f f .  

under t h e  f l i g h t  path; as-measured and corrected respec t ive ly .  Figures 87 

and 88 are as-measured da ta  f o r  t he  s i d e l i n e  microphone. 

compared t o  ind iv idua l  f lyby  J85 measurements t o  d e t e c t  presence of background 

in te r fe rence .  

Figures 85 & 86 present t h e  PNL da ta  f o r  measurements 

These d a t a  can be 

No cor rec t ions  were made t o  any of the presented 585 d a t a  f o r  

elimination of 575 i d l e  in t e r f e rence ,  i f  and when it occurred. 

I n  genera l ,  for  under the  f l i g h t  path measurement, t he re  w a s  no in t e r f e rence  

within the  range of 10  dB down from peak noise ,  therefore ,  EPNL ca l cu la t ions  

are v a l i d .  

s ta t ic  s t a t i o n s  (37.5' t o  147.5' t o  i n l e t )  there  was no in te r fe rence  except 

f o r  t he  conica l  e j e c t o r  test. 

nozzle, low engine speed data h a d  partial interference at t h e  60' and forward 

inlet angles. 

Within the  range of angles which would compare d i r e c t l y  t o  ground 

Due t o  sh i f t ed  d i r e c t i v i t y  pattern of thira 

For the s i d e l i n e  measurements, i n  general  there  is no in t e r f e rence  i n  

t h e  peak noise or  any s i g n i f i c a n t  i n t e r f e rence  wi th in  t h e  10 dB down range 

which would influence EPNL ca lcu la t ions .  

p a r t i c u l a r l y  a t  low speed, t he  background l e v e l s  i n t e r f e r e  i n  some of t h e  

A t  angles toward t h e  i n l e t ,  

f lybys and each must be checked indiv idua l ly .  

d 



0 585 AT 0% SPEED 
0 AS MEASURED DATA 
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ACOUSTIC ANGWE REF. TO INLET, DEGREES 

FIGURE 85 575  FLIGHT-IDLE BACKGROUND NOISE, M I C  UNDER FLIGHT PATH 
i I t' 
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0 5 8 5  AT 0% SPEED 
0 AS MEASURED DATA 
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FIGURE $7 575  FLIGHT-IDLE BACKGROUND NOISE, SIDELINE MLC 
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0 585 AT 0% SPEED 
0 AS MEASURED DATA 

ACOUSTIC ANGLE REF. TO INLET, DEGREES 

FIGURE 88 575 FLIGHT-IDLE BACKGROUND NOISE, SIDELINE MIC 
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PRESENTATION OF FLIGHT DATA 

For the  purpose of presenting f l i g h t  d a t a  within t h i s  r epor t ,  the  

subjec t ive  r a t i n g  of PM, and its variance with f l i g h t  l oca t ion  are considered 

most important. 

evaluation and would suggest p l o t t i n g  no i se  aga ins t  time, the  r e l a t i o n  t o  

acous t ic  angle is  more meaningful; p a r t i c u l a r l y  when in t e re s t ed  i n  d i r e c t i v i t y  

or  when making comparisons t o  s ta t ic  measurements. Therefore, t h e  primary 

d a t a  s c a l e  is acous t i c  angle, however, t h e  manner i n  which t h e  r epor t  d a t a  

are p lo t t ed  a l s o  g ives  a good indica tor  of t i m e  lapse. 

is  p lo t ted  separa te ly  using t h e  ind iv idua l  d a t a  poin ts .  

second i n t e r v a l s  f o r  as-measured d a t a  and usua l ly  s l i g h t l y  under 1 / 8  second 

i n t e r v a l s  fo r  corrected data.  

period, as wi th in  the  range of l O d B  down from peak, a good ind ica to r  of time 

dura t ion  is ava i lab le .  

passes a t  similar engine speeds, giving a ready ind ica to r  of r e p e a t a b i l i t y .  

Although time dura t ion  of no ise  i s , necessa ry  f o r  EPNL 

Each f l i g h t  pass 

These represent  1/8 

Thus, by counting d a t a  po in t s  during any lapsed 

The separa te  PNL p l o t s  are then composited f o r  f l i g h t  

A s  the  major por t ion  of t he  measured noise  is j e t  predominant without pure 

tones,  PNLT levels were normally j u s t  s eve ra l  dB above the  PNL values. 

t he  PNL p l o t s  are a good indica tor  of PNLT d a t a  used f o r  EPNL ca lcu la t ion .  

Therefore, 

I n  working with f l i g h t  da t a ,  and p a r t i c u l a r l y  with sho r t  i n t eg ra t ion  time, 

volumes of spec t ra  are generated. A s  a l l  t he  spec t r a  could not be included i n  

t h i s  r epor t ,  the  spec t r a  a t  peak PNL were chosen as most representa t ive .  They 

are p lo t ted  a t  the  acous t ic  angle of peak corrected PNL. 

spec t r a  are a l s o  included i n  these p l o t s  a t  t h a t  same angular loca t ion ,  however, 

i n  some ins tances  t h e  peak measured and peak corrected PNL's occurred a t  

d i f f e r e n t  acous t ic  angles. 

As-measured 

A s  ,previously discussed, as-measured and corrected d a t a  f o r  t h e  microphone 

under t h e  f l i g h t  path are included. 

measured PNL d a t a  are shown. 

For the  s i d e l i n e  microphone, only as- 

Table V I 1  is included as an index t o  the  f l i g h t  da ta .  



Table V I I .  INDEX TO FLIGHT DATA CURVES 

M i c  Under F l i g h t  Pa th  

Corrected PNL 
M i c  Under F l i g h t  Pa th  

Spec t ra  a t  Peak PNL 
As-Measured & Corrected 
M i c  Under F l i g h t  Path 

As-Measured PNL 
S i d e l i n e  Mic 

I I I I 

Conical Annular 
E jec to r  1 Plug 
F l t  146 F l t  152 

89-92 

93-96 

97-100 

101-102 

103-104 

105-106 

107-110 

32 Spoke/ 64 Spoke/ 12 Chute/ 

F l t  159 F l t  155 F l t  170 
Plug 1 Plug I Plug 

Finure  No. 

111-114 

115-118 

11 9-1 2 2 

123-126 

127-130 

131-134 

135-138 

139-14 2 

143-147 

148-152 

153-157 

158-163 
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DISCUSSION OF FLIGHT DATA 

General observations from the  f l i g h t  da ta  curves presented i n  Figures 89 

through 163 are as follows: 

o Repea tab i l i ty  of PNL h i s t o r i e s ,  f o r  mul t ip le  passes a t  the  same 

engine speed, is normally very cons is ten t ;  a good indica tor  of da ta  

r e l i a b i l i t y .  

o The reference conical e j e c t o r  has peak noise  i n  the  150° t o  i n l e t  

area, c lose r  t o  the  jet  exhaust than the  peak of t he  s ta t ic  data.  

The suppressor nozzles have f l a t t e r  d i r e c t i v i t y  than t h e  conical 

e j e c t o r  with peak noise  occurring a t  angles c lose r  t o  the  overhead 

loca t ion .  

o Spectra are not as d i s t i n c t l y  i n d i v i d u a l i s t i c  f o r  each nozzle as 

ground s ta t ic  da ta  w e r e ,  however, c h a r a c t e r i s t i c s  such as double 

hump spec t ra  o r  predominance of high o r  low frequencies are s t i l l  

discernable.  

o The magnitude of cor rec t ion  t o  standard day and 300 f t .  a l t i t u d e  

are seen on t h e  peak spec t r a  p l o t s ,  p a r t i c u l a r l y  the  l a r g e  cor rec t ions  

t o  high frequencies applied t o  t h e  32 and 64 spoke nozzles. On a PNL 
b a s i s ,  comparison of as-measured t o  corrected da ta  shows l i t t l e  

change f o r  the  conical e j e c t o r  nozzle and up t o  3 and 4 dB change on 

the  32 and 64 spoke nozzles. 

Peak OASFL, Peak PNL 6t EPNL 

A s  w a s  done f o r  t he  ground s ta t ic  da ta ,  p l o t s  of f l i g h t  peak OASPL, peak 

PNL and EPNL, a l l  normalized, are presented i n  Figures 164 through 172. Figures 

164, 165 and 166 are f o r  as-measured under the  f l i g h t  path da ta .  

168 and 169 are corrected da ta  f o r  t h e  same m i c .  

as-measured da ta  f o r  the  s i d e l i n e  mic. 

ve loc i ty  where VR = 

bas i s ,  438 feet/second should be added t o  t h e  presented scale. 

levels, referenced t o  t h e  conical e j e c t o r  nozzle, are on t h e  lower ha l f  of 

Figures 167, 

Figures 170, 1 7 1  and 172 are 

A l l  p l o t s  are done aga ins t  relative 

- . To assess the  d a t a  on a j e t  ve loc i ty  

Suppression 
' j e t  ' a i rc raf t  
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each f igu re  f o r  f l i g h t  l i n e  data.  As no s i d e l i n e  da t a  w e r e  ava i l ab le  f o r  t h e  

conical e j e c t o r  i n  f l i g h t ,  t h e  normalized levels are presented without suppression 

d e l t a s  i n  Figures 170 through 172. 

Inspecting the  curves supports t h e  following remarks: 

o Magnitude of a t t a i n e d  suppression is a func t ion  of t h e  parameter i n  

question and the  j e t  o r  r e l a t i v e  ve loc i ty .  A t  a given ve loc i ty  t h e  

OASPL, PNL and EPNL suppressions w e r e  no t  t h e  same f o r  any se l ec t ed  

nozzle. 

i 
o A t  maximum dry engine s e t t i n g ,  high suppression l e v e l s  are seen f o r  

t he  32 and 64 spoke nozzles,  7 t o  1 3  AdB, depending on t h e  parameter. 

The 1 2  chute/plug shows medium suppression, 3 t o  6 Adb, and t h e  

base l ine  plug has about 2 AdB suppression. 

o A s  engine speed is decreased, suppression drops off rap id ly ,  t h e  

suppressor nozzles becoming n o i s i e r  than t h e  reference nozzle a t  

lowest speeds. 
I 

o Within the  range of j e t  ve loc i ty  of the  585 cycle t o  max. dry, t h e  

32 and 64 spoke suppressors may not  have a t t a i n e d  t h e i r  peak suppression. 

This is suggested by the  s lope  of t h e  curves i n  Figures 165 and 168. 

l The base l ine  plug nozzle suppression i s  f a i r l y  f l a t  (Figure 168) and 

probably has reached i ts  peak level. The 12 chute/plug nozzle has 

a t t a i n e d  i ts  peak PNL and EPNL suppression level and is decreasing 

a t  max. dry ve loc i ty .  

o Comparing the  as-measured d a t a  t o  corrected da ta  shows a t t a i n e d  

suppressions t o  be lower f o r  t h e  cor rec ted  da ta ,  exact amount 

varying with each nozzle and with ve loc i ty .  This d e l t a  is due 

primarily t o  the  lesser magnitude of co r rec t ion  applied t o  t h e  

conical e j e c t o r  da t a  than t o  the  suppressor nozzles t o  br ing  it  t o  

standard day. 

s ince  the  cor rec t ions  are applied t o  t h e  high frequency region which 

more heavily influences PNL due t o  annoyance weighting. 

, 

I 

, 
i 

PNL suppression is  changed more than OASPL suppression 
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o Comparing the  peak PNL and EPNL suppressions (Figure 168 versus 169) 

shows t h a t  a l l  t he  nozzles experienced greater EPNL suppression than 

peak PNL suppresssion when referenced t o  the  conica l  e j ec to r .  

nozzle a l s o  had a l a r g e r  gain a t  high ve loc i ty  than a t  low ve loc i ty .  

The 64 spoke gained 2 AdB a t  high VR but  none a t  low VR. 
spoke gained 3 AdB at  high and 1 AdB a t  low VR. 

Each 

The 32 
The 12 chute gained 

3 AdB a t  high and .5 AdB a t  low VR. The base l ine  plug gained about 
u - 

1 AdB at  high VR. 

The influence allowing t h e  add i t iona l  EPNL suppression is the  more favorable c 

PNL (or PNLT) d i r e c t i v i t y  pa t t e rns  of t h e  suppressed nozzles. The conica l  e j e c t o r  

nozzle has a PNL d i r e c t i v i t y  p a t t e r n  which peaks near t he  exhaust a x i s  (about 150" 

t o  the  i n l e t )  and has a long dura t ion  t i m e  f o r  t he  range of 10 dB down from t h e  

peak noise. The suppressor nozzles have a much f l a t t e r  PNL d i r e c t i v i t y  p a t t e r n  

with peak je t  noise  occurring much c lose r  t o  t h e  overhead pos i t i on  and with 

f a s t  drop off of jet noise  a t  angles nearer t he  j e t  exhaust a x i s .  

shown i n  Figure 173 f o r  the  conica l  e j e c t o r ,  32 and 64 spoke nozzles a t  101 and 

91% corrected speed s e t t i n g s  f o r  t h e  upper and lower curve sets, respec t ive ly .  

The t i m e  duration of no ise  wi th in  the  range of 10  dB down from peak is  longer 

f o r  t he  conica l  e j e c t o r  nozzle than fo r  t he  suppressors. Duration cor rec t ion  

is therefore  less favorable f o r  the  conica l  e j e c t o r  and a smaller d e l t a  from 

peak PNL(PNLT) t o  EPNL is applied.  

peak noise  near the  overhead pos i t i on  and quick drop off c h a r a c t e r i s t i c s  of j e t  

noise,  leading t o  sho r t  t i m e  dura t ion  of no ise  within the  10 dB down range. 

These are 

Thus a favorable EPNL suppressor should have 

d 
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THRUST MEASUREMENTS AND RESULTS 

Thrust  and t h r u s t  minus drag measurements were taken f o r  s ta t ic  and f l i g h t  

tests on a l l  t h e  nozzles .  The r e s u l t s  are presented  i n  Figures  174 and 175 f o r  

s ta t ic  and f l i g h t  r e s p e c t i v e l y ,  i n  t h e  form of i n s t a l l e d  g ross  t h r u s t  c o e f f i c i e n t ,  

def ined as measured t h r u s t  o r  t h r u s t  minus drag d iv ided  by i d e a l  t h r u s t .  The 

t h r u s t  d a t a  w e r e  suppl ied  d i r e c t l y  by NASA as reduced from t h e i r  a i r c r a f t  r eco rde r  

measurements and co r rec t ed  as necessary  f o r  secondary flow. For s ta t ic  measure- 

ments ,several  readings  were taken during each a c o u s t i c  test p o i n t  and i n d i v i d u a l  

d a t a  p o i n t s  are shown. Those d a t a  p o i n t s  f lagged i n  F igure  174 were measured 

wh i l e  using t h e  external cool ing a i r  from the  a i r  start car t .  

as no ca l cu la t ed  co r rec t ion  w a s  p o s s i b l e  f o r  e f f e c t s  of t he  cool ing  a i r .  The 

f l i g h t  measurements are presented  as curves der ived from c ross  p l o t s  of measure- 

ments wi th  v a r i a b l e  secondary weight flow. The d a t a  have been co r rec t ed  t o  a 

common 6% corrected secondary weight flow. 

They are i d e n t i f i e d ,  

I n  genera l  t h e  spoke nozz le  aerodynamic performance w a s  low, as a n t i c i p a t e d ,  

s i n c e  they  were chosen only as c h a r a c t e r i s  t i c  nozz les  f o r  genera t ing  t y p i c a l  

a c o u s t i c  da ta .  No ref inement  w a s  done t o  these  nozz les  t o  obta in  optimum per- 

formance. 

wi th  much lower t h r u s t  l o s s e s .  I n  a d d i t i o n ,  means have been i d e n t i f i e d  t o  sub- 

s t a n t i a l l y  improve aerodynamic performance whi le  maintaining high suppress ion  

l e v e l s .  

model s t a t i c  and wind tunne l  tests. 

Other conf igu ra t ions  w i t h i n  t h e  model paramet r ic  s tudy  performed 

The 32 spoke performance is w i t h i n  5 1% of a n t i c i p a t e d  r e s u l t s  from 

The con ica l  e j e c t o r  performance w a s  q u i t e  low due t o  t h e  presence of 

t he  e j e c t o r .  The t h r u s t  l o s s  f o r  segmented suppressors  is normally h ighe r  i n  

f l i g h t  than f o r  s t a t i c  tests due t o  lower base  p re s su re  on t h e  suppressor  

elements.  The abrupt  t u r n  angles  r equ i r ed  of t h e  flow over  the  o u t e r  shroud 

and down the  back s i d e  of t h e  spoke are more d i f f i c u l t  t o  maneuver wi th  e x t e r n a l  

flow and base p re s su res  become lower c o n t r i b u t i n g  t o  h ighe r  t o t a l  l o s s .  Chutes 

e n t r a i n  a i r  more e f f i c i e n t l y  and s u b s t a n t i a l l y  reduce base  drag as seen  wi th  t h e  

12 chute/plug suppressor .  

. 
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DISCUSSION OF FLIGHT VELOCITY EFFECTS 

Conical Ejector - Comparison to SAE Prediction 

As was done for the static data, to check the SAE prediction procedure's 
(ref. 2) applicability to non-suppressed conical ejector peak jet noise? 
the flight peak normalized OASPL and PNL data are compared to SAE predicLions 
in Figure 176. The predictions were made using the 585 measured cycle parameters 
plus flight velocity, altitude, angle of attack to flight path and engine mount 
angle within the SAE prediction procedure, then extrapolating to the 300 ft. 
flyover altitude. 
at max. dry and 96% speeds, but are highly underpredicted at low velocity, 
particularly on PNL. The measurements are consistent in forming a uniform'curve, 
decreasing noise with velocity, but again suggest much shallower slopes than 
those of the SAE technique. The OASPL varies on a slope of V8*4 for SAE and 
V6*4 for measured data. 
for SAE and measured. 

Both peak OASPL and peak PNL agree fairly well with predictions 

The PNL curves have V9*4 and V504 slopes respectively 

The SAE procedure is based on two parts, a curve of normalized peak OASPL 
versus relative velocity and an assignment of spectra shape using the peak OASPL 
and a curve of OBSPL - OASPL versus Strouhal Number (fD/V). 
match of predicted and measured OASPL in Figure 176 suggest that for the conical 
ejector at peak noise angle the full relative velocity effect is present at all 
but the lowest speed setting. 
is a primary noz2le - ejector system and not a true conical convergent primary 
alone, the data do suggest that possibly a shallower slope of V604 instead of 
V804 should be used for the prediction. 

The fairly close 

For this particular nozzle geometry, since it 

Check of compatibility of predicted and measured spectra is done in Figure 
The upper curve set is at the highest velocity setting (VJ = 2107 ft/sec, 177. 

VR = 1677 ft/sec) and the lower curve set is at the lowest velocity setting 

shapes agree fairly well, being of magnitude just under the predicted le els and 
suggesting a lower measured PNL than what was predicted. 
were not at the same flight angle so spectra at both angles are plotted. ' 

= 1328 ft/sec, VR = 889 ft/sec). At the high velocity setting the spectra 
4 'vJ 

Peak PNL and peak OASPL 
I 
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A t  the  low speed s e t t i n g  the  measured spec t r a  high frequencies are considerably 

above the  predicted l e v e l s ,  cont r ibu t ing  t o  the  gross mismatch of predicted and 

measured PNL levels. This suggests e i t h e r  a l a r g e  f l i g h t  ve loc i ty  influence on 

high frequency je t  noise  a t  low power s e t t i n g s  o r  a cont r ibu t ion  of high frequency 

noise from sources o ther  than the  pure jet .  

Comparison of S t a t i c  and F l igh t  Suppressions 

To i l l u s t r a t e  the  e f f e c t  of f l i g h t  ve loc i ty  on f i n a l  sub jec t ive  noise  

suppression, composite curves of s t a t i c  and f l i g h t  da t a  are shown i n  Figure 178  

and 179. Figure 178 is  f o r  t he  base l ine  annular plug and t h e  32 spoke nozzles. 

Figure 179 is f o r  t he  64 spoke and t h e  1 2  chute nozzles. Each f igu re  contains 

a )  f l i g h t  peak PNL suppression from Figure 168, b) f l i g h t  EPNL suppression from 

Figure 169, c )  ground s ta t ic  585 peak PNL suppresssion from Figure 78, and d) ground 

static peak PNL suppression f o r  model da ta  sca led  t o  the  585 s i z e  from Figure 6. 

The f l i g h t  da ta  are from the  f l i g h t  path microphone; t he  ground static da ta  are 

a t  the  300 f t  s i d e l i n e .  A l l  da ta  are corrected t o  standard day and p lo t t ed  

aga ins t  j e t  ve loc i ty  f o r  a . d i r e c t  comparison of no ise  a t  t h e  same noise  generation 

ve loc i ty  conditions so t h a t  f l i g h t  ve loc i ty  influence can be observed. Inspecting 

the  curves supports t he  following comments: 

o A s  mentioned i n  DISCUSSION OF STATIC DATA, f o r  a l l  nozzles a t  a l l  je t  

v e l o c i t i e s ,  engine s ta t ic  PNL suppression w a s  somewhat higher than 

an t i c ipa t ed  from model measurements scaled t o  585 s i z e ;  the  only 

exception i n  magnitude being the  64 spoke nozzle which nearly pa ra l l e l ed  

the  model data.  

measured engine suppression i s  considerably higher than the  model 

expectations. 

Largest  divergence is  a t  low je t  ve loc i ty  where the  

.L 

o The general  trend w a s  f o r  l o s s  of PNL suppression i n  f l i g h t  when 

compared a t  similar jet v e l o c i t i e s ,  p a r t i c u l a r l y  a t  low j e t  ve loc i ty .  

o I f  t he  f l i g h t  PNL suppression curves are s h i f t e d  by t h e  aircraft  speed 

of 438 f t / s e c  t o  compare suppression on a relative ve loc i ty  b a s i s  

( s t a t i c  V 

The 64 spoke suppression levels are then near ly  i d e n t i c a l  f o r  s ta t ic  

and f l i g h t  suggesting only minor suppression l o s s  i n  f l i g h t .  

= V ), somewhat more cons i s t en t  r e s u l t s  are observed. J R  

The 
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32 spoke nozzle shows nearly the same suppression levels in the 1250 to 
1750 ft/sec VR region but diverge at lower VR. 
plug nozzles have flatter peak PNL suppression curves and by shifting, 

The 12 chute and annular 

only slightly better agreement is seen but with no substantial change. 

Observation on a peak PNL suppression basis, therefore, produces no 
absolute general trends to prove or disprove influence of external 
flow. Flight velocity effects must first be established for each 
individual nozzle. 
by the flight velocity influencing both nozzles simultaneously. 
data must be analyzed on a finer basis of absolute PNL levels and their 
basic spectra. 

On a suppression basis the analysis is complicated 
The 

Presentation of the comparison curves of Figures 178 and 179, however, 
are quite useful since they show the real life suppression levels 
attainable in flight. 

o As mentioned in DISCUSSION OF FLIGHT DATA, comparison of the flight 
peak PNL and EPNL suppressions show that all nozzles experienced 
higher EPNL suppression. 
178 and 179. 

Magnitudes of change are seen in Figures 
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PNL D i r e c t i v i t y  and Level Comparisons - S t a t i c  t o  F l i g h t  

To determine t h e  e f f e c t  of f l i g h t  v e l o c i t y  on PNL d i r e c t i v i t y ,  t he  ground 

s t a t i c  300 f t  s i d e l i n e  PNL d a t a  from Figures  30,  41, 52, 6 3  and 74 should b e  

compared t o  the  f l i g h t  composite PNL h i s t o r i e s  i n  F igures  9 3  - 96, 103 - 104, 

115 - 118, 131 - 134,  and 148 - 152. Se lec t ed  samples are presented  i n  F igures  

180 through 184 f o r  t h e  con ica l  e j e c t o r ,  annular  plug, 32 spoke, 64 spoke and 

1 2  chute  i n  t h a t  o rder .  F l i g h t  PNL are p l o t t e d ,  as previous ly  done, a g a i n s t  

a c o u s t i c  angle  re ferenced  t o  t h e  i n l e t .  The ground s ta t ic  d a t a ,  shown as 

symbols, were chosen as the  d a t a  p o i n t s  wi th  the  c l o s e s t  j e t  v e l o c i t y  t o  the  

f l i g h t  measurements. By comparing a t  t h e  same j e t  v e l o c i t y ,  t h e  je t  stream 

genera t ing  the  no i se  should be  s i m i l a r  f o r  s t a t i c  and f l i g h t  (assuming no 

stream change due t o  e x t e r n a l  flow) and any changes i n  the  n o i s e  l e v e l s  could 

then  be assigned t o  t h e  gene ra l  category of f l i g h t  v e l o c i t y  e f f e c t s .  For most 

comparisons t h e  s t a t i c  d a t a  p o i n t s  were not  at  t h e  exac t  same j e t  v e l o c l t y  

as the  f l i g h t  da t a .  To compensate f o r  t he  d i f f e r e n c e s  and make the d a t a  

more compatible,  t h e  change i n  peak PNL f o r  t he  d i f f e r e n c e  i n  V w a s  ob ta ined  

from the  s t a t i c  peak PNL p l o t s  i n  Figure 78 f o r  each nozzle .  This  d e l t a  w a s  

appl ied  t o  the  measured PNL a t  each angle  t o  b r i n g  i t  t o  the  l e v e l  a n t i c i p a t e d  

a t  the  va lue  of f l i g h t  VJ. 

curve. This  procedure is n o t  exac t  f o r  angles  o t h e r  than  peak, however, by 

e s t ima t ing  t r u e  PNL change wi th  V a t  each angle ,  from Figures  30, 41, 52, 

6 3  and 74, t he  co r rec t ion  is seen t o  be adequately accu ra t e  f o r  t he  purpose of 

comparison. 6 

' 

J 

The magnitude of c o r r e c t i o n  is ind ica t ed  on each 

J 

The s t a t i c  d a t a  are p l o t t e d  a t  angles  2-112' of f  t h e  a c t u a l  s t a t i c  

measuring l o c a t i o n  t o  compensate f o r  t he  angle  of a t t a c k  t o  f l i g h t  path and 

engine mount angle .  Thus, by comparing t h e  abso lu te  levels and d i r e c t i v i t y  

shapes the  magnitudes of d i f f e r e n c e  are those  experienced due t o  f l i g h t  effects. 

These d e l t a s  must then  be  analyzed as t o  t h e i r  o r i g i n  of change t o  exp la in  t h e  

cons t i t uen t  p i eces  which comprise t h e  t o t a l  f l i g h t  v e l o c i t y  e f f e c t .  

Comparing only t h e  ground s t a t i c  d a t a ,  shown as symbols, t o  t h e  average 

of the  f l i g h t  d a t a  i n  Figures  180 through 184 l eads  t o  t h e  fol lowing comments: 

d 
234 
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---- 
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FIGURE 180 COMPARISOIV OF STATIC AND FLIW PNL DIRECTIVITY 
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FIGURE 181 COMPARISON OF STATIC AND FLIG#XT PNL DIRECTIVITY 
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o DATA CORRECTED TO STANDARD DAY 
8 STATIC CORRECTED FOR FLIGHT DYNAMIC EFFECT 
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13 a32 1685 
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o Change i n  n o i s e  levels from s t a t i c  t o  f l i g h t  is  very  i n c o n s i s t e n t  

between nozz les ,  between speed s e t t i n g s  and even between angles  a t  

the  same speed s e t t i n g s  f o r  each nozzle .  I f  a l l  changes from s t a t i c  

t o  f l i g h t  are considered as f l i g h t  v e l o c i t y  e f f e c t s  no genera l  con- 

c lus ions ,  app l i cab le  t o  a l l  nozz le s ,  can be formed. The magnitudes 

of change vary cons iderably ,  i n  some ins t ances  i n d i c a t i n g  a f l i g h t  

v e l o c i t y  decrease  i n  n o i s e  and i n  o t h e r s  i n d i c a t i n g  a reverse V 

e f f e c t  o r  an inc rease  i n  no i se  from s ta t ic  t o  f l i g h t .  
R 

o The c o n i c a l  e j e c t o r  has  a marked s h i f t  i n  d i r e c t i v i t y  from ground 

t o  f l i g h t ,  t h e  s h i f t  magnitude being about 20" c l o s e r  t o  t h e  j e t  

exhaust .  (See Figure 180). The ground s t a t i c  peak occurs  near  

t h e  SAE p resc r ibed  135" loca t ion  ( a c t u a l  about 130") b u t  is i n  t h e  

v i c i n i t y  of 150" f o r  f l i g h t .  S t a t i c  no i se  near  t he  i n l e t  is w e l l  

above t h e  f l i g h t  n o i s e  i n d i c a t i n g  a s u b s t a n t i a l  lowering of forward 

quadrant n o i s e  i n  f l i g h t .  

i n d i c a t i n g  presence of f l i g h t  v e l o c i t y  e f f e c t  ac ross  a l l  angles ,  and 

p a r t i c u l a r l y  s o  a t  i n l e t  angles ,  b u t  complicated by the  s h i f t  i n  

d i r e c t i v i t y  . 

The t r end  holds  f o r  a l l  speed s e t t i n g s  

o The plug nozz le  s ta t ic  PNL l e v e l s  and d i r e c t i v i t y  agree  much c l o s e r  

t o  t h e  f l i g h t  l e v e l s  than d id  those  of t h e  c o n i c a l  e j e c t o r .  S l i g h t  

d i r e c t i v i t y  s h i f t  is  seen but  i t  is  no t  c o n s i s t a n t  i n  d i r e c t i o n  o r  

amount. A t  high engine  speed of 102 - 103% (upper h a l f  of Figure 181) 

f l i g h t  PNL l e v e l s  are lowered s i g n i f i c a n t l y  a t  t h e  exhaust angles  and by 

s e v e r a l  dB a t  t h e  i n l e t  angles ,  i n d i c a t i n g  presence of p a r t i a l  V e f f e c t .  R 
A t  t h e  lower speed of 97  - 98% (lower h a l f  of F igure  lsl), PNL is  

lowered i n  f l i g h t  by a smaller amount b u t  t he  i n l e t  PNL is  inc reased  

i n  f l i g h t  r a t h e r  than decreased,  i n d i c a t i n g  a reverse V e f f e c t .  

o The 32 spoke nozz le  shows very good agreement between s t a t i c  and 

f l i g h t  PNL l e v e l s  and d i r e c t i v i t y  a t  t h e  two h igh  speed s e t t i n g s  

( top  of Figure 182) ,  i n d i c a t i n g  f l i g h t  v e l o c i t y  in f luence  is not  

p re sen t  a t  high ve loc i ty .  Only a s l i g h t  s h i f t  i n  peak no i se  l o c a t i o n  

occurs  i n  f l i g h t ,  moving nea re r  t o  t h e  exhaust axis. A t  t h e  lower 

R 
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speed of 89 - 92% (bottom of Figure 182) and a t  t h e  lowest speed 

s e t t i n g  of 86 - 88% (not  shown) the  s t a t i c  d a t a  a t  t h e  i n l e t  are 

considerably under t h e  f l i g h t  da ta .  The exhaust d a t a  match f a i r l y  

w e l l  f o r  t he  v e l o c i t y  shown bu t  are under t h e  f l i g h t  by several dB 

at t h e  lowest speed s e t t i n g ,  i n d i c a t i n g  a r eve r se  f l i g h t  v e l o c i t y  

e f f e c t  requi red  t o  raise t h e  s t a t i c  levels t o  f l i g h t .  

The 64 spoke s t a t i c  d a t a  nea r ly  p a r a l l e l  t h e  f l i g h t  d a t a  a t  t h e  th ree  

h ighe r  speed s e t t i n g s ,  both i n  l e v e l  and i n  d i r e c t i v i t y  p a t t e r n .  

t h e  two h ighes t  speeds t h e  s ta t ic  a f t  quadrant  PNL's are several dB 

above the  f l i g h t  ( top  of Figure 183) and i n d i c a t e  s m a l l  f l i g h t  

' v e l o c i t y  e f f e c t s .  The i n l e t  levels are c o n s i s t e n t  wi th  f l i g h t  

' 0  

A t  

and shown no V e f f e c t .  A t  t h e  lower speed,  9 1  - 93%, (bottom of 

Figure 183) t h e  a f t  quadrant  agree but  t h e  forward s ta t ic  are under 

t h e  f l i g h t .  A t  t h e  lowest speed of 88 - 89% (not  shown), s t a t i c  levels 

are considerably under f l i g h t  i n d i c a t i n g  reverse V No s h i f t  i n  peak 

angle  no i se  l o c a t i o n s  is  seen a t  any speed s e t t i n g .  

R 

R' 

o The s t a t i c  PNL of t he  12 chute  nozz le  are above t h e  f l i g h t  d a t a  a t  

t h e  two h igh  speed s e t t i n g s ,  ( top  of F igure  184).  

90 - 92% speed (bottom of Figure 184) ,  t h e  f l i g h t  n o i s e  near  t h e  

i n l e t  is  cons iderably  above t h e  s t a t i c  and is  a l s o  above t h a t  of t h e  

h ighe r  speed s e t t i n g s .  The exhaust  l e v e l s  match w e l l .  A t  t h e  lowest 

speed of 87 - 88% (not shown), a l l  s t a t i c  l e v e l s  are under the  f l i g h t .  

These comparisons i n d i c a t e  a p a r t i a l  f l i g h t  v e l o c i t y  in f luence  a t  t h e  

A t  t h e  lower 

exhaust and i n l e t  a t  high v e l o c i t y ,  i n f luence  a t  t h e  exhaust  only a t  

in t e rmed ia t e  v e l o c i t y  and r eve r se  V e f f e c t  at  low ve loc i ty .  

D i r e c t i v i t y  p a t t e r n  s h i f t s  cons iderably  a t  low v e l o c i t y  wi th  peak 

n o i s e  angles  moving c l o s e r  t o  t h e  p o i n t  of c l o s e s t  approach. 

R 
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Doppler S h i f t  and Dynamic Effect 

The magnitudes of change i n  subjec t ive  no i se  l e v e l s  have been observed 

i n  Figures 180 through 184 by comparing ground s ta t ic  PNL t o  f l i g h t  PNL. 
observed changes w e r e  categorized under the  general  term of f l i g h t  ve loc i ty  

e f f e c t s  without assigning s p e c i f i c  reasons f o r  t h e  changes o r  being a b l e  t o  

separa te  the t o t a l  change i n t o  p a r t s  whose magnitudes could be assigned a 

s p e c i f i c  cause. The mechanics of change are var ied  and complex, categorized 

i n t o  major areas of a )  change i n  source noise  generation - conventionally termed 

f l i g h t  ve loc i ty  o r  V e f f e c t ,  b) change i n  d i r e c t i v i t y ,  c) Doppler s h i f t  and 

d) dynamic e f f e c t .  

The 

R 

A conventional method of analyzing the  empirical  da t a  is  t o  co r rec t  f i r s t  

f o r  e f f e c t s  known t o  occur o r  t h e o r e t i c a l l y  predicted t o  occur, reeva lua te  the  

comparison a f t e r  the  a l t e r a t i o n s ,  then apply the  remaining d e l t a s  t o  the  non-pre- 

d i c t ab le  causes. Thus, t o  p ro jec t  t he  ground s t a t i c  da t a  t o  f l i g h t  i t  should 

be corrected to  f r e e  f i e l d ,  Doppler s h i f t e d ,  a l t e r e d  by f l i g h t  dynamics pre- 

d i c t ions ,  then compared t o  f l i g h t  da ta  a t  a similar reference plane. Any re- 

maining d i f fe rences  would be assigned t o  source noise generation changes o r  

d i r e c t i v i t y  s h i f t .  

There is no general  agreement on how s t a t i c  j e t  no i se  da t a  should be 

adjusted f o r  Doppler s h i f t  and dynamic e f f e c t  f o r  comparison t o  f lyover  da t a .  

Jet no i se  is not a po in t  source of no ise  and t h e  source does not move a t  t h e  

same ve loc i ty  as the  a i r c r a f t .  

treatment of t h e  subjec t  i n  references 14  and 15. Mangiarotty and Turner 

d i scuss  the  Doppler s h i f t  and bandwidth co r rec t ion  i n  re ference  16. 

and Ingard ( re f .  10) and Appendix A of t h i s  r epor t  d i scuss  t h e  dynamic e f f e c t .  

Kobrynski gives an a n a l y t i c a l  and experimental 

Morse 

The Doppler s h i f t  is conventionally assigned as f / f  = 1/(1 - M cos 8) R E  
where f and f are received and emitted frequencies,  respec t ive ly ,  M is Mach 

number of the  moving source and 0 is the  acous t i c  angle. Figure 185a shows 

the  variance of Doppler frequency s h i f t  wi th  acous t ic  angle a t  the  a i r c r a f t  

R E 

f l i g h t  speed of M = 0.4. 

received frequencies are higher than those generated and the  opposite occurs 

as the a i r c r a f t  recedes from t h e  microphone. 

A s  t he  a i r c r a f t  approaches the  microphone the  

Associated wi th  t h e  Doppler 
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frequency s h i f t ,  t he re  is a bandwidth co r rec t ion  which has an e f f e c t  on sound 

pressure level ( r e f .  16) ,  

The f l i g h t  dynamic e f f e c t  suggests t h a t ,  i n  add i t ion  t o  the  Doppler s h i f t  

and bandwidth cor rec t ion ,  a change i n  sound pressure level w i l l  occur due t o  

f l i g h t  motion, as observed on the  ground relative t o  t h e  level a t  t h e  source. 

The change is a function of acous t i c  angle and Mach number and i s  assigned the  

value ASPL = -40 log  (1 - M cos e ) .  This is based on re ference  10 and Appendix 

A. Figure 185b shows the  magnitude of suggested change versus acous t ic  angle 

a t  the  f l i g h t  speed of M = 0.4. 

references 14 and 15. 

Another approach t o  the  sub jec t  is i n  

Application of t he  f l i g h t  dynamic co r rec t ion  t o  t h e  300 f t .  s i d e l i n e  PNL 

d i r e c t i v i t y  is done i n  Figures 180 through 184 f o r  t h e  f i v e  nozzles. 

applied d i r e c t l y  t o  the  PNL values without going back t o  the  o r i g i n a l  spec t r a  

f o r  Doppler s h i f t i n g ,  as the  r e l a t i v e  change i n  PNL l e v e l  i s  normally small 

when Doppler sh i f t ed .  The dynamic-corrected s ta t ic  PNL i n  some ins tances  now 

c lose r  approximate the  f l i g h t .  I n  o the r s ,  p a r t i c u l a r l y  a t  i n l e t  angles,  they 

suggest t h a t  an even s t ronger  V e f f e c t  must now be present  t o  compensate f o r  

the  o r i g i n a l  mis-match plus t h e  dynamic e f f e c t .  A t  t he  exhaust angles,  f o r  

most nozzles and speeds, it suggests t h a t  a s t ronger  reverse V e f f e c t  must 

be present t o  raise the  s t a t i c  l e v e l s  t o  f l i g h t  measurements. 

It i s  

R 

R 

For purpose of comparing on a s p e c t r a l  b a s i s ,  Figures 186 through 189 

are included. Figures 186 and 187 are f o r  t he  conical e j e c t o r  and Figures 188 

and 189 are the 64 spoke/plug, each set being a t  maximum engine speed. Ground 

s ta t ic  acous t ic  angles of 80, 120,  140, and 150" t o  the i n l e t  are included. The 

ground s ta t ic  spec t r a ,  corrected f o r  ground plane in t e r f e rence ,  are a t  the  

300 f t  s ide l ine .  

t he  curves of Figure 185 f o r  each p a r t i c u l a r  acous t ic  angle. 

compared t o  the f l i g h t  as-measured and cor rec ted  spec t ra .  

in tegra ted  f l i g h t  da ta  w a s  used which included t h e  f l i g h t  angle corresponding 

t o  the ground s t a t i c  angle a f t e r  consideration of f l i g h t  angle of a t t a c k  and 

engine mount angle. 

They are Doppler s h i f t e d  and dynamic e f f e c t  corrected per 

They are then 

The 1/8 second of 

r 
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Figures 186 and 187 suggest t h a t  f o r  t h e  conica l  e j e c t o r ,  t he  ground static 

spec t r a  approximate the  f l i g h t  spec t r a  only near t h e  overhead pos i t ion .  As t h e  

a i r c r a f t  recedes from overhead, a s t rong  s h i f t  t o  high frequency occurs. The 

low frequency s ta t ic  corrected spec t r a  are considerably above t h e  f l i g h t  and 

the  high frequency are w e l l  under. 

t o  high frequency i n  f l i g h t  which causes the  l a r g e  s h i f t  i n  PNL d i r e c t i v i t y  as 

seen from the  curves i n  Figure 180. 

This possibly ind ica t e s  a s h i f t  of energy 

For the  64 spoke/plug nozzle, Figures 188 and 189, t he  Doppler s h i f t e d  and 

dynamic corrected static spec t r a  agree w e l l  near t h e  overhead loca t ion  and are 

somewhat under the  f l i g h t  spec t r a  a t  angles toward t h e  i n l e t .  This is i n  agree- 

ment with the  top curves of Figure 183 and would suggest t h a t  t h e  change from 

static t o  f l i g h t  a t  t h i s  ve loc i ty  and angles is only a function of Doppler and 

dynamic. However, as considered previously from Figure 180 through 184, t he  

appl ica t ion  would only f u l l y  cover t h e  f l i g h t  ve loc i ty  change i n  some instances.  

In o the r s ,  higher divergence r e s u l t s .  
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CONCLUSIONS 

For the  purpose of i nves t iga t ing  f l i g h t  v e l o c i t y  inf luence  on no i se  

c h a r a c t e r i s t i c s  of unsuppressed and suppressed jets, an F106 a i r c r a f t  w i t h  a 

wing mounted 585-13 engine w a s  used f o r  s ta t ic  and f l i g h t  no ise  measurements. 

Five nozzles were t e s t e d ,  including a con ica l  primary with a c y l i n d r i c a l  

e j e c t o r ,  base l ine  annular plug, 32 spoke/plug, 64 spoke/plug and 12  chute/plug;  

each over a speed range of 80 t o  100% (max dry)  s t a t i c a l l y  and 88 t o  100% i n  

f l i g h t .  

Ground S t a t i c  

The ground s t a t i c  measurements produced a unique set of unsuppressed and 

suppressed j e t  engine noise  d a t a ,  a f t e r  co r rec t ing  where necessary f o r  in f luence  

of a )  conica l  e j e c t o r  pure tone,  b) 585 turbomachinery tones ,  c )  575 a t  i d l e  

no ise  and d)  585 cooling a i r  noise .  

jet noise  except f o r  measurements on seve ra l  nozzles  a t  low engine speed and 

a t  angles  near t he  i n l e t .  

frequency range t o  where its inf luence  could not be accura te ly  removed. I n  

some ins tances  the  385 broadband turbomachinery noise  a l s o  added t o  t h e  t o t a l  

no ise  and could not  be separated from the  j e t  noise .  

The d a t a  are believed t o  accura te ly  represent  

Here the  575 a t  i d l e  pure tone predominated t h e  mid- 

A comparison of t h e  peak s t a t i c  PNL suppression t o  smaller hot  f low model 

measurements sca led  t o  585 s i z e  shows similar r e s u l t s  a t  high j e t  v e l o c i t y  and 

considerably higher suppression a t  low j e t  ve loc i ty .  When compared t o  the  SAE 
predic t ion  method, ground s t a t i c  peak OASPL and peak PNL measurements suggest 

a shallower sloped curve than SAE f o r  t h e  conica l  e j e c t o r  nozzle. 

F l igh t  

For f l i g h t  measurements, r e p e t i t i v e  f l y - o v e r s  a t  t he  same engine speed pro- 

duce q u i t e  cons i s t en t  PNL h i s t o r i e s ,  i nd ica t ing  t h e  a i r c r a f t  overhead loca t ion  

is  adequately accura te  f o r  the  s tudy.  Several  of t he  f l i g h t  measuring days va r i ed  

considerably from a standard meteorological  day. 

absorpt ion cor rec t ions  t o  the  standard day changed PNL of t h e  conica l  e j e c t o r  

s l i g h t l y  and those  of t h e  32 and 64 spoke suppressors  by up t o  3 and 4 dB. 

Magnitude of atmospheric 

w 

d' 250 



Suppression l e v e l s  are changed somewhat but study conclusions are not .  

In genera l ,  f o r  under t h e  f l i g h t  pa th  measurements, t he re  w a s  no i n t e r -  

fe rence  of t he  575 a t  i d l e  wi th in  t h e  range of 10  dB down from peak no i se  and 

l i t t l e  in t e r f e rence  a t  acous t i c  angles  comparable t o  ground s t a t i c  l oca t ions .  

An exception was the con ica l  e j e c t o r  a t  low engine speed and then only a t  60' 
and forward. 

t he  10 dB down range occurred. 

t h e  i n l e t  angles .  

For t h e  s i d e l i n e  measurements, only minor in t e r f e rence  wi th in  

Each pass  should be checked ind iv idua l ly  a t  

A t  m a x  d ry  engine s e t t i n g ,  7 t o  13 hdB suppression was seen f o r  t h e  32 and 

64 spoke nozz les ,  depending on the parameter. The 12 chute/plug showed 3 t o  

6 AdB and the  base l ine  plug had about 2 AdB. A l l  nozzles  experienced g r e a t e r  

EPNL suppression than peak PNL suppression due t o  t h e i r  more favorable  PNL(T) 

d i r e c t i v i t y  shortening noise  dura t ion .  

Aerodynamic Performance 

The s t a t i c  and f l i g h t  aerodynamic performance lo s ses  were f a i r l y  high. 

This w a s  an t i c ipa t ed  s ince  the  nozzles  were not r e f ined  f o r  optimum aerodynamic 

performance. 

s ta t ic  and wind tunnel  tests. 

The 32 spoke performance i s  wi th in  - -+ 1% of r e s u l t s  from model 

F l i g h t  Velocity Inf luence 

Both peak OASPL and peak PNL agree f a i r l y  w e l l  wi th  SAE p red ic t ions  a t  

max dry and 96% speeds,  but are underpredicted a t  low v e l o c i t y ,  p a r t i c u l a r l y  

on PNL. Shallower s lopes  of peak OASPL and PNL curves are suggested than 

those predicted by SAE procedure. 

The genera l  trend w a s  f o r  lower peak PNL suppression i n  f l i g h t  than 

s t a t i c a l l y  when compared a t  s imi l a r  j e t  v e l o c i t i e s ,  p a r t i c u l a r l y  a t  low jet  

ve loc i ty .  On a r e l a t i v e  v e l o c i t y  b a s i s  t h e  64 and 32 spoke nozzles  show only 

minor peak PNL suppression l o s s  i n  f l i g h t .  

Change i n  noise  l e v e l s  from s ta t ic  t o  f l i g h t  is  very incons i s t en t  between 

nozzles ,  between speed s e t t i n g s  and even between angles  a t  t he  same speed 

s e t t i n g  f o r  each nozzle.  I f  a l l  changes from s ta t ic  t o  f l i g h t  are considered 
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as f l i g h t  v e l o c i t y  e f f e c t s ,  no genera l  conclusions,  app l i cab le  t o  a l l  nozzles ,  

can be formed. Indiv idua l  nozzle conclusions,  when comparing s ta t ic  t o  f l i g h t  

a t  the  same je t  v e l o c i t y  are as follows: 

o The conica l  e j e c t o r  has a marked s h i f t  i n  d i r e c t i v i t y  from s ta t ic  t o  

f l i g h t .  

presence of f l i g h t  v e l o c i t y  e f f e c t .  

Noise i s  lowered i n  f l i g h t  f o r  a l l  speed s e t t i n g s  ind ica t ing  

o The plug nozzle  has a s l i g h t  d i r e c t i v i t y  s h i f t  from s ta t ic  t o  f l i g h t  

but d i r e c t i o n  of s h i f t  i s  not cons i s t en t .  

PNL f o r  a l l  exhaust angles  a t  a l l  speeds but  increases  PNL a t  i n l e t  

angles  f o r  low engine speed. 

F l i g h t  v e l o c i t y  lowers 

o The 32  spoke nozzle shows good agreement between s ta t ic  and f l i g h t  a t  

high engine speed ind ica t ing  no inf luence  of f l i g h t  ve loc i ty .  

of peak no i se  toward the  exhaust occurs.  

s t a t i c  exhaust angle  PNL match f l i g h t  and then drop under f l i g h t  

PNL, t he  in le t  f l i g h t  being considerably under the  s t a t i c .  This  

i nd ica t e s  a reverse  VR e f f e c t  i n  f l i g h t .  

The 64 spoke s t a t i c  PNL near ly  p a r a l l e l  t he  f l i g h t  a t  mid and 

high speed ind ica t ing  only s l i g h t  VR e f f e c t .  

both the  f r o n t  and rear quadrant s ta t ic  PNL are under the  f l i g h t  

l e v e l s  ind ica t ing  a r eve r se  V e f f e c t .  No s h i f t  i n  peak noise  

loca t ion  is seen. 

A s l i g h t  s h i f t  

A s  speed i s  lowered, 

o 

A t  t h e  lowest speed 

R 

o The 1 2  chute  s t a t i c  PNL are above the  f l i g h t  levels a t  high speed 

and are a l l  under a t  lowest speed. D i r e c t i v i t y  p a t t e r n  s h i f t s  

considerably a t  low speed, peak noise  s h i f t i n g  c l o s e r  t o  the  

s ide l ine .  

Applicat ion of t h e  f l i g h t  dynamic co r rec t ion  i n  some ins tances  makes the  

static d a t a  more c lose ly  approximate the f l i g h t  measurements. 

p a r t i c u l a r l y  a t  i n l e t  angles  and a t  high speeds,  i t  suggests  an  even s t ronger  

V e f f e c t  must be present  t o  compensate f o r  the  dynamic e f f e c t .  A t  exhaust 

angles  i t  suggests  a r eve r se  V e f f e c t  must a l s o  be present  a t  low j e t  v e l o c i t y  

t o  raise the  levels t o  the  f l i g h t  measurements. 

In o t h e r s ,  

R 

R 



APPENDIX A* 

E f fec t  of Source Motion on Free Field Sound Pressure Levels 

The following i s  a phys ica l  d e s c r i p t i o n  of why a moving source w i l l  have 

not only the  w e l l  known Doppler s h i f t  of frequency but  a l s o  a change i n  t h e  

SPL as seen by a s t a t i o n a r y  obs'erver. The r e s u l t  of t h i s  a n a l y s i s  is t h e  same 

as t h a t  given by Morse and Ingard i n  "Theoret ical  Acoustics"; however, t h i s  

ana lys i s  g ives  a b e t t e r  "feel" f o r  the  physics of t he  problem ( r e f .  l o ) .  

When the  source moves, t he  sound wave p a t t e r n  i s  es tab l i shed  by the  

combination of t he  v e l o c i t y  of saund i n  a i r  and of t h e  v e l o c i t y  of t h e  source 

so as t o  r e s u l t  i n  a p a t t e r n  l i k e  t h a t  sketched below: 

/ 

\ 

/ 

/ 
SOURCE VELOCITY 

I n  the  d i r e c t i o n  of source motion, the spacing between the  waves is  

This  e f f e c t  causes  not  only the  Doppler s h i f t  i n  decreased and vice-versa.  

frequency and assoc ia ted  bandwidth co r rec t ion  t o  pressure  l e v e l  but  a l s o  a 

change i n  t h e  sound pressure  l e v e l  descr ibed herein.  The change occurs  as 

a r e s u l t  of t he  change i n  the  sound frequency and i n  t h e  sound energy dens i ty  

caused by the  crowding (or d i l a t i o n )  of adjacent  wave f r o n t s .  

The sound energy dens i ty  is  determined by the t i m e  averages of the  p a r t i c l e  

ve loc i ty  squared according to :  

* As o r i g i n a l l y  published i n  i n t e r n a l  General E l e c t r i c  letter by R.E. Motsinger, 
May 3 ,  1972. 
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Where E = sound energy d e n s i t y  per  u n i t  volume 

T = t h e  t i m e  per iod  of averaging 

= air  d e n s i t y  

u = p a r t i c a l  v e l o c i t y  due t o  a c o u s t i c  v i b r a t i o n  

This  is analogous t o  t h e  energy contained i n  the dynamic head of bu lk  

f l u i d  s teady  state flow, i .e. :  

1 2  2 3 q = 2g p v  # / f t  Q f t  # / f t  

The po in t  i s  t h a t  t h e  sound energy d e n s i t y  is  dependent on t h e  p a r t i c l e  

v e l o c i t y  squared. 

by : 

For a wave w i t h  a n  a c o u s t i c  p a r t i c l e  displacement  g iven  

5 = A COS (wt - kx), 

t h e  p a r t i c l e  v e l o c i t y  depends on the  frequency according to :  

2) . . . . . . . . . . . .  I U I  = lKl = A w s i n  (wt  - kx) 
This  can be used i n  Equation (1) t o  show that  t h e  t i m e  averaged energy 

d e n s i t y  is: 2 2  
P o  w A . . . . . . . . . .  2 3)  E = 

So, t h e  energy d e n s i t y  is dependent upon frequency and ampli tude of t h e  

p a r t i c l e  displacement squared. 

The energy d e n s i t y  of t h e  s t a t i o n a r y  source  is  then:  
n n  
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But f o r  t h e  moving source,  t he  frequency t h e  observer sees is given by 

t h e  Doppler s h i f t .  

W 
0 4 )  . . . . . . .  * . . w =  1 - M COS e 

where w = frequency as seen by t h e  observer 

w = frequency emitted by t h e  source 

M = Mach number of the  source r e l a t i v e  t o  

0 

t h e  observer 

8 = angle  between a l i n e  from the observer 
t o  t h e  source and t h e  engine c e n t e r l i n e  
a t  t h e  i n s t a n t  t h e  observed sound w a s  emit ted 

The amplitude of t h e  p a r t i c l e  displacement i s  a l s o  a f f ec t ed  by t h e  

source motion. For a given pe r iod ic  volumetr ic  displacement,  t h e  

product of t he  amplitude of t he  p a r t i c l e  displacement and t h e  wave 

length  must remain cons t an t ,  so :  

Aoho Ah = 

then, 

I n  the  s t a t i o n a r y  medium, the  speed of sound, c ,  is  constant  so t h a t  t h e  

wave length  depends on frequency according to :  

then,  using Equation ( 4 )  f o r  t he  change i n  frequency: 

0 W 1 h 

h 
- = - =  . . . . . . . . . . .  

W 1 - M COS e 
0 

6) 

d 255 



From Equation (3) and (3a): 

A l 2  - = $ T i  
E 

*O 0 0  

And, using Equation (41, (51, and (61, we ge t :  

1 - E 

EO 

- -  
4 7) . . . . . . . . . . . . 

(1 - M COS 0 )  

Thus, t h e  change i n  energy dens i ty  is determined. 

is the  product of the energy dens i ty  and t h e  speed of sound: 

The acous t ic  i n t e n s i t y  

I 1 
IO 

h SPL = 10 Log - = 10 Log 4 and 
(1 - M COS 0 )  



NOMENCLATURE 

M A i r c r a f t  Mach Number 

E 

. 

OASPL Overa l l  Sound Pressure  Level;  ca l cu la t ed  by summation of sound 

p res su re  l e v e l s  a t  each 1 / 3  octave.  

PNL Perceived Noise Level;  a c a l c u l a t e d ,  annoyance weighted sound l e v e l .  

PNLT Tone cor rec ted  PNL 

EPNL E f f e c t i v e  Perceived Noise Level;  PNL adjus ted  f o r  both d i s c r e t e  

f requencies  and t i m e  h i s t o r y  . 
% RH Ambient atmospheric r e l a t i v e  humidity i n  percent .  

Peak PNL Highest Perceived Noise Level generated,  u sua l ly  referenced t o  a 

s p e c i f i c  a n g l e  from t h e  source.  

Peak 

OASPL t o  a s p e c i f i c  angle  from t h e  source.  

dB d e c i b l e ,  re: 0.0002 dynes/cm 

Highest Overall Sound P res su re  Level genera ted ,  u s u a l l y  re ferenced  

2 

RPM r evo lu t ions  per minute 

Gross Thrust  Coef f i c i en t  
cfg 

vJ 

Hz Hertz (cycles  per  second) 

Jet V e loc  i t  y 

m meters 

FT/SEC, f e e t  per  second 

'/S 

m / s  meters per second 

Turbine exhaust temperature 

T o t a l  exhaust nozzle  temperature 

A i r c r a f t  v e l o c i t y  

T5 

vA 

TT8 

Re la t ive  v e l o c i t y ,  V -V 
vR J A  

R Radius 

AFB A i r  Force Base 
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IP s 

TO 

'T8/'0 

Wg 

PP s 

EPNL-10 log p A 

PNL-10 log p A 

2 

2 

2 OASPL-10 log p A 

n /m 
fD 
V 
- 

e 

FE 

FR 
SPL 

inches per second 

Ambient dry  bulb temperature 

Ambient pressure  

Exhaust nozzle  pressure  r a t i o  

Engine weight flow 

pounds per second. 

Normalized EPNL 

Normalized PNL 

Normalized OASPL 

kilograms per second 

newtons per meter 

Strouhal  Number; a ca lcu la ted  func t ion  of frequency, 

nozzle diameter and j e t  ve loc i ty .  

The angle between a s t r a i g h t  l i n e  from source t o  

microphone and engine c e n t e r l i n e ;  referenced t o  i n l e t .  

emitted frequency 

received frequency 

Sound Pressure  Level; a level of sound pressure  t h a t  

occurs i n  a spec i f i ed  frequency range a t  any i n s t a n t  of 

time. 
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